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For Over 20 Years, this WILFLEY 
Centrifugal Pump has been opera- 
ting continuously—handling lead 
concentrates efficiently with only 
occasional replacement of wear 
parts-at a well-known Pacific 
northwest mill. WILFLEY Pumps 
are famous for delivering trouble- 
free performance without attention 
-stepped-up production and ac- 
tual dollar savings in power and 
operation (wherever mill concen- 
trates must be handled economi- 
cally ). There is a highly efficient, 
cost-reducing WILFLEY Pump 
size for every pumping require- 
ment. Individual engineering on 
every application. Write or wire 
for complete details. 


Buy WILFLEY for 
cost-saving performance 


A.R.WILFLEY & SONS, inc. 
DENVER, COLORADO, U.S.A. 
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Powered for low-cost 


Typical of the mining indus- 

try’s increasing electrification 

to handle high tonnages at 
low cost is this new copper re- 
finery at Garfield, Utah, which 
has a capacity of 12,000 tons of 
refined copper per month, with 
provision for expansion to 16,- 
000 tons. Power for the refinery 
and other operations comes 
from Kennecott’s power station, 
where three G-E steam turbine- 
generators (two of 25,000 kw 
each, plus the 50,000-kw unit 
shown here) generate 13.8-kv 
power which is stepped up to 
44 kv for transmission. 


At the refinery, three miles 

away from the power plant, 

incoming 44-kv power is 
stepped down to 13.8 kv at this 
G-E package substation. Com- 
pletely co-ordinated, it includes 
an outdoor steel switching struc- 
ture, three 7500/9375-kva power 
transformers (with provision for 
addition of a fourth) and neces- 
sary metal-clad switchgear. G-E 
package substations, made in 
many standard combinations to 
fit all mining-industry needs, 
come in factory-built sections 
ready to install. They simplify or- 
dering, save engineering time, 
speed installation, cut costs. 


GENERAL ELECTRIC 
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In its new electrolytic refinery, 
Kennecott Copper Corporation 
uses this General Electric 
generation, conversion, and 
distribution equipment to help 
maintain production continuity 


Four G-E 1500-kva double ended load-center substations 
(one shown) step down voltage from 13,800 to 480 and 
provide distribution at centers of load to reduce power losses. 


This G-E panel — controlling package substation, a-c 
6 switchgear, and d-c power for electrolytic cell lines — 
helps centralize and co-ordinate plant operations. 


Inside the refinery, protecting all 13.8-kv feeders and 
personnel as well, is this G-E metal-clad switchgear that 
provides flexibility for future load changes. 


A-c is converted to d-c for electrolytic cell lines by six G-E 
4 motor-generator sets, each including a 2900-hp syn- 
chronous motor and two 1000-kw, 125-volt d-c generators. 


= 


CO-ORDINATED 


POWER SYSTEMS 
ll for the Mining Industry 


Whatever your mining or processing problem, a good man to know is the mining 
industry specialist in your nearby G-E office. Ask him about power-system equip- 
ment for your plant to protect service continuity, help boost production, cut costs. 
Apparatus Dept., General Electric Company, Schenectady 5, N. Y. 
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Engineering Societies Personnel Service 


HE following employment i e made available to AIME 
members on a non-profit basis by the zine 3 Societies Per 
sonnel Service, Inc., operating in 
Founder Societies. Loca! offices of the Perso 
8 W. 40th St.. New York 18; 100 Farnsworth Ave 
St. San Francisco; 84 £. Randolph St., Chicago |. 


MEN AVAILABLE 


Recent Graduate, B.S. in geological engineering. 
One year graduate study in geology. Main interest 
in mining-geology. Married, one child, age 24, good 
health. Available immediately. Location preferred 
United States. M-569. 


Mining Engineer, 43, married, 2 children. B.S. min. 
eng. Eighteen years’ experience underground metal 
mine development and production mostly in western 
States. Willing to go anywhere. M-571. 


Graduate Mining Engineer, 38, married, 2 chil- 
dren, desires position as operating supervisor or min- 
ing engineer. Fifteen years’ experience open-pit and 
underground mining and ore dressing ‘gold, quick- 
silver and iron). Location immaterial. Available 
short notice. M-572-526-Chicago. 


Mining Engineer, technical graduate. Extensive ex- 
perience exploration, development, operation and 
construction. Competent technical reports. Em- 
ployed. M-574. 


Mining Engineer, 43, married. Fifteen years’ ex- 
perience metal mining, plant construction. Develop- 
ment, operation and management, small mines, gold, 
silver, copper, uranium and iron both as employee 
and as independent operator. US. and Canada. 
Four years’ examination and evaluation mineral 
properties. Available thirty days. M-575. 


Professor of Geology, 33, degree in mining en- 
gineering, mineral dressing, and doctorate in 
Geology, seeks teaching, research or administrative 
position in geochemistry, petrology, or economic ge- 
ology in the U.S. or South America. Experience in 
research, consulting, mineral exploration and de- 
velopment, underground gold mining and four years’ 
teaching. M-576-527-Chicago. 


Metallurgist, 34, married, speak Spanish, B.S. de- 
gree. Nine years’ varied experience sulphuric acid 
plant operations; mine, mill and smelter chemical 
laboratories; ore dressing on flotation, gravity and 
magnetic separations; and milling operations for 
tin, tungsten and gold. Desires permanent position 
in U.S. Available immediately. M-578-471-E-12-San 
Francisco. 


— POSITIONS OPEN 


Construction or Mining Engineer with shaft sink- 
ing experience, to be responsible for line and grade, 
dimensions, etc., on inclined shaft project. Salary, 
$4420-$5200 a year. Location, northern New Jersey. 
Y4005. 


Geologist and Hydrologist with at least five years’ 
experience on ground water studies, to make water 
supply survey. Salary open. Location, Near East 
Y4000 


Geophysicist experience in the interpretation of 
seismograms of poor quality, for work consisting 
mostly of re-interpretation of seismograms, which 
is almost all office work. Should be willing to do 
field work if required. Salary, $10,800 a year. Loca- 
tion, South America. Y3989 


Sales Engineer to sell mining machinery in the 
eastern district. Must have previous experience in 
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should address a 

New York OF e ana include Pp in stamps 
returning application. The applicant agrees 
tion by means of the Service to pay the p 

the Service. AIME members may se 

tions available for $3.50 a quarter 


mining, coal preparation, etc. Salary, $3600 a year 
to start plus bonus. Location, New York, N. Y. Y3968. 


Mining Engineer experienced in using latest tech- 
nical means to develop and work out manganese 
mines. Should be familiar with the machineries and 
from where those can be procured. Appointment will 
be made for three years. Traveling expenses paid. 
Location, India. Y3949. 


Sales Representative with metallurgical engineer- 
ing training, 30-35, with thorough knowledge of high 
grade steels, such as tool steels, etc., and their appli- 
cations. Must be able to assume complete charge of 
branch office to be opened in Toronto district, and 
must have good connections for a Swedish steel 
manufacturer. Headquarters, New York, N. Y. Y3937. 


Assistant Chief Engineer, graduate, with several 
years’ experience in the coal industry, and who is 
particularly interested in engineering, not operating, 
for underground mine engineering and surface con- 
struction work. Prefer married man. Location, Penn- 
sylvania. Y3936. 


Field Geologist, graduate, with three to five years’ 
experience in mining geology in the field. Salary 
open. Location, Venezuela. Y3928. 


WANTED: 


LARGE BALL OR PEBBLE MILL. 
GOOD CONDITION. 


National Titanium Co. Vernon, Calif. 


EXPERIENCED ENGINEER 
ROASTING AND CALCINING 


Mature engineer, capable of taking responsible charge of 
engineering, designing and estimating Dorrco FluoSolids Sys- 
tem of roasting and calcining, with headquarters in Stamford, 
Connecticut. Position requires metallurgical, chemical or 
mechanical engineers background, plus extensive experience in 
design, manufacture and operation of Multiple Hearth Furnaces 
and auxiliaries. Knowledge other types of roasters also desir- 
able, but not essential. Apply with photo and complete resumé 
of education and experience to: 


PERSONNEL DIRECTOR, 
The Dorr C y—Engi s Stamford, Connecticut 


ASSISTANT METALLURGIST 

Metallurgical engineer, with several years of mill- 
ing experience, preferably in flotation and cyanida- 
tion, to make laboratory tests and occasionally to 
operate pilot plant on a wide variety of ores under 
only general direction of Chief Metallurgist. Success- 
ful candidate must be willing to make this type of 
work his career and must be able to get along well 
with others. Location—the laboratories of The Dorr 
Company, Westport, Connecticut. Salary to start, 
$400.00 per month. Apply with photo pos complete 
resume of education a experience to: Personnel 
Director, The Dorr Company—Engineers, Stamford, 
Connecticut. 
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The 128 Electric RockerShovel rated 1 ton per | 
minute. Models 21, 40, 15, 102, 104 available | 
with either A.C. or D.C. electric power. Loading 
capacities to 8 tons per minute. 


\ 


Another first in the mechanical loading field is as the air driven machines: length (bucket up) 42”, | | 
introduced by Eimco, the world’s largest producer of width (including controls) 37”. 
underground rock loading machines. 


Write for more information giving complete power | 


The Eimco 12B machine is the smallest loading specifications. 


machine on the market with clean-up range, speed, 

power, stability and operating ease far superior to A 4 
other machines in its class. The 12B Electric is the THE EIMCO CORPORATION 

only small machine offered with electric power and The World s Lergest Monutacturers of Underground Rock Loading Machines 
duplicates its air powered relative in all the desirable 
| characteristics of a loading machine. NeW YORK 51-52 SOUTH STREET + CHICAGO 


BIRMINGHAM, ALA 3140 FAYETTE AVE + 
PASO TEXAS MILLS BUMDING BERKELEY. 


The Electric 12B is available for A.C. power and 
with either permissible or non-permissible design. 
| Overall caging dimensions are practically the same AGENTS IN ALL PRINCIPAL CITIES THROUGHOUT THE WORLD 
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Authors in This Issue 


C. D. Hoyt (P. 935) has just returned from Eu- 
rope where he spent a year studying at the 
Norges Tekniske Hogskole and then traveling 
through Norway, Germany, Italy, Austria, Switz- 
erland, France, Spain and England, studying 
mining methods under a Fulbright scholarship. 
A graduate of Penn State, he has also studied at 
Columbia and R.P.I., and has worked at the 
Island Creek Coal Co. and the Westmoreland 
Coal Co., in West Va. and Pennsylvania, respec- 
tively. A New Jerseyite by birth, Mr. Hoyt now 
lives in Montoursville, Pa. 


George T. Bator (P. 941), associate professor of 
mining engineering at the University of Ala- 
bama, took his M.S. from that school in 1941. 
After earning his B.S. at Washington State in 
1938, he went to work for Howe Sound, and after 
two years took time out to work for his advanced 
degree. Then he returned to Howe Sound, but 
the next year was back at Alabama as an in- 
structor in mining. 


§. T. Harrison (P. 943), chief engineer for the J. 
L. Shiely Co. in St. Paul, has been in engineering 
for nearly 40 years, working on construction 
problems, safety, operating limestone quarries, 
and helping build the Ft. Peck, Sardis, and Gar- 
rison Dams. He served in the Navy in both World 
Wars, as a lieutenant and then a captain in the 
U.S.N.R. Mr. Harrison was born in Duluth, at- 
tended Michigan College of Mines and Technol- 
egy, Northwestern, and LaSalle. 


V. F. Parry (P. 974) is now conducting research 
On western coals, including gasification, carboni- 
Zation, drying and briquetting and combustion, 
for the Bureau of Mines in Denver, as chief of 
the coal branch for Region IV. After taking his 
M.S. from Carnegie Tech in 1923, he started as 
head of coal research for Combustion Utilities 
Corp. in New York, remaining there for twelve 
years. Then he became supervising engineer of 
the subbituminous and lignite station of the 
USBM in Golden, Colo., and since 1949 has held 
his present post. Mr. Parry hails from Ogden, 
Utah, attended Weber Academy and the Univer- 
sity of Utah. He is an AIME member. 


C. G. Fink (P. 952) has headed Columbia Univer- 
sity’s department of electrochemistry since 1922, 
and has also carried on his own consulting prac- 
tice at the same time. He holds a B.A. degree 
from Columbia ('03), took his Ph.D. at Leipzig 
in 1907, and was granted an honorary Sc.D. from 
Oberlin in 1936. Dr. Fink has worked for the 
General Electric Co., the Edison Lamp Works, 
and headed Chile Exploration’s research labora- 
tories in New York. He was the originator of the 
drawn tungsten filament, platinum substitutes 
for tungsten lamps and radio tubes, and other 
noteworthy developments. 


E. O. Wagner (P. 974) is a chemical engineer 
with the coal branch of the Bureau of Mines at 
Denver, and has been there since 1942. He began 
his career with the Bureau of Standards in that 
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city. Born in Neustadt a.d. Haardt, Germany, he 
attended high school in Longmont, Colo., and 
graduated from Western State College, Colo. 


G. L. Putnam (P. 952), a chemical engineer, has 
been a research associate at the University of 
Washington for the past three years. He has 
spent a year as an associate professor at Oregon 
State, and spent four years with the Carborun- 
dum Co. in Niagara Falls. Dr. Putnam took his 
M.S. from the University of Washington in 1938, 
and his Doctorate at Columbia four years later. 
He holds numerous patents, and is a prolific 
technical writer. 


V. F. Parry E. O. Wagner 

A. J. Alexander (P. 967) has worked in the coal 
mines of West Virginia for thirty years, in every 
capacity from that of a day laborer to owning 
and operating coal mines. For many years he 
was superintendent for the Island Creek Coal Co., 
and is now chief of the West Va. department of 
mines in Charleston. He was born in Charleston 
and attended Washington and Lee University and 
the University of Illinois. 


L. C. McCabe (P. 971) is chief of the office of air 
and stream pollution for the Bureau of Mines. 
He headed the Bureau’s coal division in 1946-7, 
and from 1947-9 headed the Los Angeles County 
air pollution control district. Born in Graphic, 
Ark., he went to high school in Fort Smith, and 
then on to the University of Arkansas, North- 
western, and the University of Illinois for BS., 
M.S., and Ph.D. degrees. Dr. McCabe began his 
career as a geologist for the Mississippi Coal 
Corp., and spent 11 years with the Illinois Geo- 
logical Survey. Entering the Army in 1941 as a 
Captain, he rose to the rank of Colonel in the 
Corps of Engineers and the General Staff Corps, 
served as chief of utilities, and chief of the Ger- 
man and Belgian solid fuels sections, SHAEF. 


T. C. King (P. 951) is a metallurgist at the Cen- 
tral Mill of the Eagle Picher Mining and Smelt- 
ing Co. in Cardin, Okla., and has been with that 
company for four years. Mr. King started his 
career as a mining engineer with the Cia. Minera 
de Guazapares, Mexico, in 1935, and 4 years later 
returned to the States to take his degree in met- 
allurgical engineering at the University of Ari- 
zona. The Navy then claimed him for 3 years, 
and he served as a lieutenant j.g. on a CVE in 
the Pacific. Mr. King lives in Baxter Springs, 
Kansas, and is a Junior Member of Aime. 
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Completely New Tooth 
Has 6 Major Features 


more operators of excavating equipment 
e new AMSCO® Rever-SharP 


More and 
are specifying th 


The new Amsco Rever-SharP—de- —_ 
signed for use with power aap 
draglines and rippers—!s now avail 
able in a wide variety of sizes. 
new tooth combines the 
work-hardening proper 
ganese steel with 
portant constry4@ 
The Re 


1. Manganese Steel Construction throughout—The Rever- 
SharP actually thrives on hard use . . . the harder you 
use it, the harder it gets! 


2. Reversible Tip—when the cutting edges of the Rever- 
SharP are finally worn, simply turn the tip over. It's 
self-sharpening. 

3. Reinforced Cutting Edges—specially designed ex- 
tended corners are the first to work-harden, thus equal- 
izing wear along the entire length of the cutting edge. 


4. Heavy, Rugged Adaptor—extra metal protects base 
connections and lips. Now available for all base 
connections. 


5. Reinforced Adaptor Nose—supported by ribs along 
entire length, making bending or breakage practically 
impossible. Special taper makes lips self-tightening 
during use. 


6. Tapered Lock-Key—easy to insert and remove. Has 
rubber insert—can’t work loose in service. 


Enthusiastic users of the new Rever-SharP report higher digging efficiency—and as much as 6 times 
longer tooth life. It's a new development worth investigating—write today for the complete facts! 


AMERICAN MANGANESE STEEL DIVISION 


_ 417 EAST 14th STREET + CHICAGO HEIGHTS, ILL. — 


Other Plants: New Castle, Del., Denver, Oakland, Cal., Los Angeles, St. Louis. In Canada: Joliette Steel Division, Joliette, Que. 
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Mining Engineering RE PORTER 


* Pellets of concentrated iron ore have been smelted in the blast furnace by 


Armco and the results proved satisfactory. Various percentages of pellet burdens 
were tried and it has been found that charges up to 70 pct pellets are workable. 


* In the reorganization of the Department of the Interior, two new assistant 
secretaries were appointed end the work divided between the four assistant secre~ 
taries. C. Girard Davidson will head a division of mineral resources including 
the Bureau of Mines, Geological Survey, Division of Oil and Gas and Division of 
Geography. 


* Germanium, one of the rarest of metals and a wartime strategic material, has 
been discovered almost in the shadow of the Capitol. The only catch is that 

the scattered nature of the deposits makes srorTtable recovery extremely doubtful. 
Nevertheless, experts have tabbed the concentration in the District of Columbia 
@rea the world’s second richest known concentration of the element. 


* Cakes of mica, weighing up to 500 lb, have been formed at the Colorado School 
of Mines by a new “cool hearth" method. The process avoids use of crucibles 
and contains the molten mica in & busin of unmelted raw mixture from which the 


melt was derived. Crystallization takes place in this melting basin which forms 
@ center pool surrounded by a solid cool mass of the unmelted raw mixture. 

* Williem J. Baxter, of the International Economic Research Bureau, predicts 

@ period of deflation because of war-essential restrictions on consumer credit 


and materials use. He stated; "the recent prosperity was based mainly on the 
sales boom in autos, homes, and household accessories." 


* Two subsidiaries of United States Steel have decided to build four new ships 
immediately to augment iron ore and limestone carrying capacity on the Great 
Lakes to meet demands created by the national defense emergency. 


* ‘The Norfolk and Western Railway is making a complete change over to coal to 
@rive its locomotives. 


* A national roster of scientific personnel similar to the one used in the last 
war will be established by the Office of Education, by agreement with the National 


Security Resources Board. The new unit, the National Scientific Register Project, 
will make studies of the Nation's scientific manpower supply and recommend steps 


to increase the numbers of skilled personnel where needed. 


* National Lead Co. will start construction immediately of new facilities at 
St. Louis, Mo., for production of titanium pigments for paints. Producers of 
titanium pigments have been under considerable pressure to meet all demands from 
paint manufacturers, particularly for titanium dioxide. 


* The basic criteria for deferment of reservists in civilian occupations are 
(1) the Department of Labor List of Critical Occupations, and (2) the Department 
of Commerce List of Essential Activities, both of which were announced Aug. 5. 
Fundamentally, the reservist deferred must be engaged in a critical occupation 
which is necessary to a highly essential activity, and he will be deferred only 
until he can be satisfactorily repleced in that occupation. A delay in call to 
active duty, it was emphasized, may not be considered as an indefinite exemption 
from military service. 
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Let’s be SPECIFIC 


about reduction crusher Efficiency 


We believe that Traylor TY Reduc- 
tion Crushers are superior to other 
secondary fine crushers in several 
ways. We believe that they are 
more economical to operate . . . that 
they are more dependable in heavy- 
duty, continuous service . . . that 
they produce a better, more uniform 
product. 

Now let's look inside a Traylor 
TY to see how it achieves this out- 
Standing operating efficiency. 


TRAYLOR’S 
CURVED CONCAVES 
AND BELL HEAD 


produce better aggregate 
at less cost per ton 


LOWER POWER COST 

Traylor's curved concaves and 
bell head apply power as a direct 
crushing force Phe eccentric mo- 
tion of the bell head exerts power 
directly ccunter to the curved 
surfaces of the concaves. This 
stops lifting and churning of ma- 
terial cuts down power loss 
reduces power costs per ton. 


GREATER DEPENDABILITY 

Traylor’s curved concaves and bell 
head eliminate choking and packing 
Each succeeding feed zone is of 
greater capacity than the preceed- 
ing zone. As the material passes 
thru the crusher it has free fall 
from each stage of reduction to the 
next. Costly downtime is avoided 
. . . lost production is saved. 


HIGHER QUALITY PRODUCT 
Since there is no choking or packin, 
no lifting and churning ma- 
terial flows evenly thru the crushing 
chamber of a Traylor TY Reduction 
Crusher. This reduces the percen- 
tage of waste fines. The curved 
crushing surfaces produce a more 
uniform product at less cost per ton 
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WRITE FOR FREE BOOKLET 


Many other outstanding design features account for the 
low maintenance costs and dependable service of a Traylor 
TY Reduction Crusher. They are fully described in 
our new Bulletin #5112. Write for your free copy today. 


TRAYLOR ENGINEERING & MANUFACTURING CO. 
382 Mill St., Allentown, Pa. 


Sales Offices: New York, N. Y., Chicago, Ill., Los Angeles, Calif. 
Canadian Mfrs: Canadian Vickers, Ltd., Montreal, P. Q. 


— 
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Dryers FITS 
Grinding Mille Gyratory Crusher TRAYLOR” LEADS 
Jaw. Reduction 


COMPRESSORS 


YOUR MINING NEED. 
LOWEST COST 


LET US PROVE THESE SUPERIORITIES 
OF JOY STATIONARY COMPRESSORS! . 


* Require less room—Cost less to install 


* Exclusive DUAL-CUSHION VALVES—more 
efficient and durable in service 


* Exclusive LOAD CONTROL—lower operating cost 
* Simpler Design—Longer Life—Less Maintenance 
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JOY WN-112, two cylinder, 
two stage, double acting, is a 

’ beat y duty, continuous type 

‘ compressor, built in capacities 
from 368 to 1828 CFM, and up 
fo 3656 CFM as twin units. 


JOY WN-114 in various sizes 
delivers from 1092 to 3656 
CFM, and up to 7312 CFM in 
twin units. It's a heavy duty, 
continuous type four cylinder 
unit; two stage, double acting. 


Write for Bulletins, or 
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Bi Taconite Program 
in Minnesota 


Com- 
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OREIGN ORE DISCOVERIES ARE GOOD NEWS, but domestic 
mines still will supply the bulk of the ore consumed in 
oF _ the U.S. Problems of transportation and availability will 
assure this. One thing certain in this changing picture, more 
_ mining, processing and handling will be required on domes- 
| tic ores as quality lowers, 
In iron mines throughout U. S., Allis-Chalmers equipment 
' for half a century has been processing ores for the steel in- 
dustry. Its research, engineering and experience is today 
helping ore producers meet the challenge of economical 
beneficiation of leaner ores and taconites. 


SINCE UP TO THREE TONS of ore are needed to produce one ton 
1 of concentrate, large quantities of low grade ore must be removed 
from the deepening mines. Mesabi range mine skip hoist above 
is A-C, built by the only manufacturer of hoists and a// auxiliaries. 


ORE 


P Through A-C Equipment and Engineering 


Operation photos, below and right, show A-C ore bene- 
ficiation equipment now in wide use. Allis-Chalmers offers 
you this kind of undivided responsibility for process, drive 
and control equipment all along your flow sheet. 

A-C also operates a complete commercial research labora- 
tory and pilot plant to aid you in developing new processes. 
For detailed information on equipment and services, call 
your nearest A-C office, A-3095 

ALLIS-CHALMERS, 971A SO. 70 ST. 
MILWAUKEE, WIS. 
Texrope, Hydrocone and Low-Head are Allis-Chalmers trademarks. 


tph Style C vibrating screens like this one at a Minnesota iron 
mine. Allis-Chalmers builds sx separate types of vibrating screens 
to meet varying beneficiation requirements, 


? FINES ARE OFTEN SCALPED from run-of-mine ore on sturdy 1000 
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TOUGH, ABRASIVE, LOW GRADE iron ores are crushed in high 
3 output primary gyratory and jaw crushers. This 60-in. Superior 

McCully crusher is in use in the Lake Superior region. Write for 
Bulletin 07B6004 for complete details on this type of crusher, 


THESE LOG WASHERS are used to remove silica and medium sticky 
clay from crushed iron ore. Contra-rotating steel paddles pro- 
duce a scuffing, scouring and sluicing action. Allis-Chalmers 
makes all basic types of washing equipment. See Bulletin 07B6411,. 


IRON ORE IS FINELY GROUND in three A-C 8 ft x 12 ft rod mills 
] ahead of magnetic separatien at this Adirondack plant. A-C 

builds five separate types of grinding mills to meet varying plant 
requirements. Request Bulletin 07B6718 for full details 


EQUIPMENT FOR IRON ORE BENEFICIATION: Hoists . . 


. .. All types of washers 


. Concentrating jigs . . . Grinding mills 
Centrifugal pumps . . . Texrope V-Belt drives and sheaves . . 


* 


Hydrocone gytatory crushers, Two are seen working in parallel 
at this Adirondacks iron mine and beneficiation plant. Write for 
Bulletin 07B7145 for complete description and operating data. 


4 FINE REDUCTION of the iron ore is often accomplished with 


~ 
IN CONCENTRATING IRON ORE by the heavy density process, 
6 Low-Head vibrating screens are widely used for recovering media. 
The first screen section drains the media while the second se¢tion 
washes at this Minnesota plant. Write for Bulletin 07B6330. 


NODULIZING OF BENEFICIATED IRON ORE so that it can be used 

efficiently as blast furnace feed is the job of this Allis-Chalmers 

11 ft, 6 in. x 300 ft rotary kiln at a southern iron mine and 
beneficiation plant. Bulletin 07B6368 contains full description, 


Jaw and gyratory crushers .. . Vibrating screens 
Rotary kilns and coolers . , . 
. All types and sizes of Electric motors 


. .» Starters , . , Complete power generation, distribution, control equipment, Write for literature. 


ALLIS-CHALMERS 


Power, Electric, Processing Equipment for lron and Steel 


| 


GARDNER 
TUNNEL CONSTRUCTION 


Ready to hook up and go — “packaged” 
WBJ Compressors require no special foundation 
— no water piping — no external cooling devices. 
That’s why you get air power “on tap” days ahead 
of schedule — with a smaller investment in the 
compressor house. And remember, smooth-run- 
ning WBJ Compressors — with balanced con- 
struction and self-contained cooling system — 
assure dependable, low-cost air to speed every 


foot of the bore. 


Save drilling time every round — choose 
versatile Gardner-Denver Hydraulic Drill Jum- 
bos with “creep-free” booms. Faster on the setup 
— faster from hole to hole — faster tearing down. 
Handle up to 10-foot steel changes — give you 
low-cost drilling — faster, properly drilled rounds. 


For complete information, write 
Gardner-Denver Company. 


GARDNER-DENVER 


Gardner. Denver Company, Quincy, Hlinois 
In Canada: Gardner Denver Company (Canada) Lid., Toronto, Ontario 
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Mining Engineering fb ditorial 


The Taconites Are Ready 


developments, the impact of Korean warfare necessitating im- 
mediate rearmament plans, and recent developments in mining taconites 
have focused attention on their immediate exploitation to fill the gap cre- 
ated by diminishing reserves. The question of rich foreign ores versus low 
grade development is past—we need both sources with emphasis on the 
immediate large scale mining of taconites. 

In the past three months several things have occurred which add to the 
taconite picture: 


(1) Pellets have been used successfully in the blast furnace by Armco. 


(2) In Congress HR 8512 was introduced by Congressman Blatnik of 
Minnesota to amend the lending powers of RFC to permit long 
term loans on basic mining developments, particularly the tacon- 
ites, which may be needed for the strengthening of the national 
economy. 


(3) Walter S. Tower, president of the American Iron & Steel Institute, 
announced that American steel companies are planning expansion 
of 6,000,000 tons of steelmaking capacities in the next few years. 


(4) The outbreak of war in Korea has obliged the United States to rearm 
and make plans for a semipermanent defense establishment to 
which 10 to 12 pct of the national income will be budgeted. 


(5) Startling new advances have been made in the Linde Air Products 
Co.’s jet-piercing drilling. 


The United States is now confronted with the problem of increasing its 
steel capacity and at the same time of securing enough iron ore to supply 
this increase as well as make provision for the rapidly decreasing supply of 
rich iron ore on the Mesabi range. Taconites, the low grade iron ore at the 
east end of the Mesabi, of which there are literally billions and billions of 
tons of easily concentratable magnetic ore, are the immediate answer. 

According to the Wall Street Journal on July 24: “Reserve Mining Co., 
backed by such steelmakers as the Armco Steel Corp., Wheeling Steel Co., 
Republic Steel Corp., is reported ready—as soon as the pending bill clears 
(HR 8512)—to seek a $100 million federal loan to build a taconite process- 
ing plant at Beaver Bay, Minn., to produce about five million tons (of pel- 
lets) annually of 60 pct to 65 pct in iron ore .. .” Experimental work indi- 
cates that pellets may be the final form, rather than nodules, agglomerates, 
or sinter. At Ashland, Ky., the Reserve Mining Co., which has obtained a 


(Continued on next page) 


SEPTEMBER 1950. MINING ENGINEERING—933 


ii 


(Continued from preceding page) 


lease from Mesabi Iron Co. on its 
holdings, built a pelletizing plant 
which has been in operation 
since last spring. Sufficient pel- 
lets have been accumulated to 
make test runs in the blast fur- 
nace, starting with low percent- 
ages. Recent charges up to 70 pct 
of pellets have been handled in 
the blast furnace satisfactorily. 

The Pickands Mather & Co., 
in which Bethlehem Steel and 
Youngstown Sheet & Tube have 
a large interest, formed the Erie 
Mining Co., to mine the taconites 
at the west end of the Mesabi 
Iron Co. holdings at the east 
end of the Mesabi Range. Here, 
an experimental mill of 2000 
tons daily capacity has been op- 
erating for more than a year to 
study the various production 
problems of crushing, concen- 
trating, and pelletizing. The re- 
sults of these studies will be used 
for the design and location of a 
large scale taconite processing 
plant. 

Shipments of pellets have 
been made to the Zenith fur- 
naces of the Interlake Iron Co., 
but smelting results are not yet 
available. At Lebanon, Pa., stud- 
ies on pelletizing are being con- 
ducted by Bethlehem Steel Co. 

One of the factors which 
makes the mining of taconites 
today economic and feasible has 
been the development of the 
Linde Air Products Co.’s jet- 
piercing drill. The magnetic 
taconites are extremely hard 
and in the old days no more 
than 10 to 15 ft a day could be 
drilled with a churn drill. Jet- 
piercing can now literally burn 
holes in the taconites at an av- 
erage speed of 17 fph, but im- 
provements in burner heads will 
probably increase this figure. 
Present 6-in. dia jet pierced 
holes are a large percentage -+8 
in. dia. Jet-pierced reaming of 
these holes, presently under 
study, will make it possible to 
use an 8-in. explosive charge in- 
stead of the present 6-in. A 
vastly improved breakage can be 
expected from these larger holes 
with greater powder content 
than the early 6-in. holes which 
gave around 30 tons per ft of 
hole. A complete test unit of the 
Linde Air Products Co. jet-pierc- 
ing drill has been in operation 
at the Erie Mining Co.'s taconite 
operation for the past year or so. 
This remarkable innovation in 
drilling hard ground, still being 
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improved for more effective per- 
formance (deeper and larger 
holes), is no less revolutionary 
in the taconites than was flota- 
tion in the case of the porphyry 
coppers. No cost figures of jet- 
piercing have been published, 
but it is reasonable to expect 
something less than $3.00 per ft. 
Due to the speed of drilling, 
however, the Linde device can 
perform the equivalent work of 
ten churn drills in a single shift. 
This means some large indirect 
economies in operation such as 
being obliged to provide housing 
for one-tenth of a drilling force, 
a large capital outlay in a region 
like northeast Minnesota, where 
there is no existing housing for 
the new personnel. Jet-piercing 
is revolutionary in its impact on 
lowering mining costs of tacon- 
ites, and with negligible strip- 
ping, the taconites of Reserve 
Mining Co. and Erie Mining Co. 
should be mined at no greater 
cost per ton than the open pit 
porphyries; namely, 25¢ per ton. 

It is only possible to speculate 
as far as costs of producing tac- 
onite concentrates are con- 
cerned; presumably they will 
not exceed production cost per 
unit of iron content of product 
of present underground ores. 
For an estimate of costs and 
profits, reference is made to the 
Congressional Record on May 23 
wherein a letter from Arnold 
Hoffman is entered by the Hon- 
orable John A. Blatnik. The fol- 
lowing is a quotation from a 
portion of the letter: 

“The estimate in Table I is 
based on an assumed concen- 
trating ratio of 2.75 tons crude 
ore to 1 ton of pellets or sinter 
and costs determined from pres- 
ently available data and figures 
of comparative open pit opera- 
tions. 


“This $1.40 profit figure makes 
no provision for a possible pre- 
mium on pellets. A substantial 
premium is possible, however, 
since pellets are preferable to 
direct shipping ores in the fur- 
naces. Not only is the blast fur- 
nace provided with a selected 
feed, hard and higher grade, re- 
sulting in greater unit produc- 
tion per ton of charge with con- 
sequent lower cost, but the 
introduction of pellets in the 
open hearth can reduce scrap 
requirements to a level where 
“home” scrap from fabricating 
plants should meet such needs. 
Pellets make an excellent sub- 
stitute for scarce lump ore, and 
with other advantages can eas- 
ily command a premium from 
the hard pressed steel industry. 
In this event, profit estimate 
submitted might be revised up- 
wards. 


“It must be remembered, also, 
that there is an important sav- 
ing in the transportation of pel- 
lets containing 65 pct Fe as 
compared to the lower grade di- 
rect shipping ores.” 


The capital investment for 
development of taconite is ad- 
mittedly large, $15 to $20 per 
ton of pellets, but this compares 
with the cost of building a fleet 
of ore vessels and other develop- 
ment work in isolated or unin- 
habited areas to supply the 
needs of our steel industry from 
abroad. Especially with the un- 
certain international picture 
and the threat of war, it is of 
prime importance to the secur- 
ity of the United States that an 
adequate supply of iron ore be 
developed within our own bor- 
ders. The taconites are ready to 
meet this need. 


Table I. Estimated Cost and Profit of Blast Furnace Feed from Taconite 


Mining & milling per ton concentrate, 2.75 x 65¢ . 


Pelletizing per ton concentrate 


Local and state taxes per ton concentrate ; 


Royalties at 8¢ per ton crude ore, 


2.75 x Be 


Haulage, Babbit to Beaver Bay, 2 tons at l¢ per ton mile, 55 miles 
(Up to 35 pet gangue eliminated at mine) 
Amortization at 18¢ per ton crude ore, 2.75 x 18¢ 


Haulage, Beaver Bay to Ohio port . 


Total cost per ton pellets 


Value ton 51 pet Fe ore at Ohio port 
Value ton 65 pet Fe ore at Ohio — at 15. le per unit above 


51 pet 


Operating profit per ton pellets .., 
Operating profit per ton crude ore 
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National Minerals Advisory Council 


meeting of the National Minerals Advisory Coun- 
cil on August 3rd in Washington, D. C., indi- 
cated the vitally important part that the mining 
industry is to play in the mobilization program 
Director James Boyd of the Bureau of Mines told 
the Council that the Department of the Interior 
would review the recommendations of all the Coun- 
cil’s commodity committees with regard for mobiliza- 
tion planning in the light of the changed interna- 
tional picture. The Council was requested to reac- 
tivate its commodity committees and have them 
gather all available data on supplies, their sources 
and availability and present and potential produc- 
tion of the minerals and metals represented on each 
committee. Data on labor, machinery, transporta- 
tion, automotive and stationary equipment, power, 
fuel, lumber, water supply are a few of the important 
items called for in the reports, which are to be pre- 
sented at a meeting of the Council on September 1 
at Salt Lake City. The material in the reports will 
become the basis for discussing metal and mineral 
requirements at that time. 
Discussion at the meeting bared several $64 ques- 
tions, probably the most important of which are the 
following: 


1. Which of the war-essential metals and 
minerals and in what quantities can we 
reasonably expect to get them from 
abroad under threat of submarines? 
How are we going to meet the manpower 
problem posed by (a) migration of labor 
from mining to manufacturing since the 
end of World War II and (b) the draft 
and the calling up of reservists? 


Opinion was expressed by industry spokesman at 
the meeting that the function of complying with 
mobilization requirements be left to those in the in- 
dustry itself; that is, those having the “know how.” 
This view contended that any administrating gov- 
ernmental agency should be kept as small and 
streamlined as possible 

There was general sentiment against the reacti- 
vation of the wartime Premium Price Plan or other 
bonus plans as a stimulus to production. 

The thought was emphasized that what was needed 
was a change in the basic conditions which have 
fostered the decline in domestic mining activity in 
the postwar years. One such condition, long over- 
due for correction, is the tax structure as it applies 
to mining enterprises. Many quarters both in in- 
dustry and in government favor tax relief along the 
lines suggested in the six tax recommendations by 
the Council to the Secretary of the Interior last De- 
cember. The Council adopted a resolution express- 
ing a feeling that the following tax recommendations 
are still feasible and desirable and will accomplish 
as much toward increasing exploration for new de- 
posits (thereby subsequently increasing production) 
as will government loans for exploration: (1) Losses 
from unprofitable ventures should be allowed corpo- 
rations, partnerships, or individuals as ordinary de- 
duction against current income. (2) Development 
costs after discovery should be recognized as operat- 
ing expenses. (3) Allowance for depletion should be 
made to the stockholder as well as to the corporation 
(4) Income should not be taxed without full allow- 
ance for losses of loss years. (5) Adequate allowances 
for percentage depletion should be made 

A discussion of the manpower problem led to the 
Council's acceptance of a resolution advising that 
“military authorities should proceed with caution 
in depriving the mining and metallurgical industry 


It's Everyone's Business 


of its manpower.” The resolution strongly urged that 
no personnel “directly engaged in exploration, de- 
velopment, production or supervision (‘of strategic 
and critical materials) should be drafted for the 
armed forces, at least until the anticipated demands 
upon these producers are clarified.” 


Stockpiles 


The Munitions Board's “Stockpile Report to the 
Congress” of July 23, 1950 revealed: (1) The total 
estimated value of the stockpile objective is $4,051,- 
714,510 at the close of fiscal year 1950. (2) The total 
value of the stockpile on hand, at the close of fiscal 
1950 was $1,556,154,352 or 38.4 pet of the total stock- 
pile objective. An additional $494,948,060 was on 
order, making a total of 50.6 pet on hand plus the 
amount on order. (3) Materials obtained for the 
stockpile by the ECA from January to June 1950 
amounted to $13,112,085, while development projects 
by ECA during this period involved the expenditure 
of $9,322,000, mainly with counterpart funds 

Shortly after the start of the Korean conflict it 
was felt that Congress ould appropriate greatly in- 
creased sums for the purchase of materials for the 
stockpile. This stimulus to the program may increase 
the dollar earnings of those European nations that 
are present or potential contractors in our stockpil- 
ing program. Such a development would mean that 
these nations could add to their gold reserves, there- 
by stabilizing their respective economies and hasten- 
ing recovery. This seems to be the picture for the 
next six months anyway. The “bug” 2»pears when 
it is realized that the increased threat 4f total world 
war actually may retard recovery in Europe as na- 
tions on the continent may feel inclined to devote 
more of their resources to defense programs 


Industries Essential to Defense 


The Department of Commerce in response to a re- 
quest by the Department of Defense issued on August 
3, 1950 a “Tentative List of Essential Activities” as a 
“guide for calling up for active duty members of the 
civilian components of the Armed Forces.” The list 
includes the following: Primary Metal Industries. 
Included herein are establishments engaged in the 
smelting and refining of ferrous and nonferrous 
metals from ore, pig, or scrap. Metal Mining. This 
category includes establishments primarily engaged 
in mining, developing mines or exploring for me- 
tallic minerals (ores). This group includes all ore 
dressing and beneficiating operations Anthracite 
Mining, Bituminous Coal and Lignite Mining, Crude 
Petroleum and Natural Gas Extraction, Mining and 
Quarrying of Nonmetallic Minerals, Except Fuels. 


Challenge to the Mining Industry 


The source of our country’s great strength lies in 
its capacity to produce. In times of stress such things 
as national morale and manpower are all-important 
but without a capable industrial machine we would 
be helpless. That machine must be fed with minerals 
and metals in order to generate and maintain mo- 
mentum sufficient to insure success. Consequences 
of the lack of adequate supplies of essential metals 
and minerals to increase and sustain our industrial 
power are not pleasant to contemplate. It is abso- 
lutely imperative that we put forth Herculean effort 
to guarantee ample supplies of such essential ma- 
terials as copper, lead, zinc, manganese, antimony 
mercury, tungsten, tin, chromite, nickel, cobalt, iron 
ore and rubber 

The mining industry faces a challenge more serious 
than ever existed before in the history of our country 
The industry must be equal to the task 
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For the efficient treatment of non-refractory copper ores, 
Aerofloat* Flotation Reagents have long been favored by 
many leading producers because of their high selectivity, wide 


tolerance to changes in feed mineralization and the small 
amounts required to achieve optimum recovery. 


Less well known is the use of Aerofloat Flotation Reagents 
(alone or in combination with other promoters) to recover 
copper values from refractory ores, especially where the 
selectivity of the reagents is of prime importance. 

Data on the reagent combinations used for copper recovery 
have been reported from time to time in technical papers given 
before ore-dressing groups throughout the mining world. 
But much of that data is no longer current nor conveniently 
available to individual mill metallurgists and managers. 


a 
| 
* Acrof American Cyanamid apt i tain flotation reagents of manufacture 


The Cyanamid Mineral Dressing Laboratory will soon issue an 
8-page Technical Bulletin containing interesting resumés of 
the application of Cyanamid Reagents to a variety of copper 
ores in Canada, Mexico, South America, Africa, Australia 
and the United States. 


Described are diversified applications of Cyanamid Reagents 
to ores having such mineral associations as: 
Bornite with Chalcopyrite 
Chalcopyrite with Pyrite 
Chalcopyrite associated with Sphalerite, 
Pyrrhotite and Pyrite 
Chalcopyrite with Magnetite and Pyrite 
Chalcopyrite with Galena and Sphalerite 
Bornite with Chalcopyrite, Enargite, 
Tennantite and Chalcocite 
Chalcopyrite, Covellite with Galena, Pyrite, 
Siegenite, Bravoite and Marcasite 


Reagent combinations and feed-rates are given in detail with 
explanatory comment. Examples include both large and small 
operations and ores with values as low as 0.60°% Cu. 


Presenting timely, helpful data on the efficient use of Cyanamid 
Reagents is an integral part of our complete service to mills 
the world over. It is a logical extension of the work of the 
Cyanamid Mineral Dressing Laboratory in the creation of new 
reagents and the development of flow-schemes for the efficient 
treatment of difficult ores. It supplements the work of Cyana- 
mid Field Engineers in the practical application of our reagents 
and processes on your mill. 


AMERICAN Cyanamid COMPANY 


Mineral Dressing Division 


30 Rockefeller Plaza New York 20, N. Y. 


Ad 


SENT WITHOUT CHARGE ON REQUEST 


Because of the specialized content of this booklet, it will not be sent 
to all those who normally receive copies of Mineral Dressing Notes. 
If you have an immediate or general interest in froth flotation, we 
will be pleased to send you a copy with- 
Out cost of obligation. The coupon be- [_] Kindly send me a copy of your forthcoming booklet, 
low is for your convenience. “CURRENT REAGENT PRACTICE ON COPPER ORES” 
: [} Include also a copy of Mineral Dressing Notes #15 
FLOTATION REAGENTS 
Mineral Dressing Notes #15 (_] Add my name to receive publications of the Cyanamid Mineral 
FLOTATION REAGENTS Dressing Laboratory, as issued for general distribution. 
If you do not have this 44-page booklet —— 
giving the properties and applicability 
of all standard Cyanamid Reagents, we Address 


will be pleased to send a copy. 
Company 


‘ 
‘ 
| 
| 
4 
8 
Pe S.A. 
‘ 


Use of nickel alloy steels by Black & Decker, is based on 
this manufacturer's long experience in selecting materials 
of construction for the thousands of B & D electric drills, 
shears, hammers, saws, grinders, etc. 


because BLACK & DECKER 
uses Nickel Alloy Steel for extra stamina 


Examine this “machine gun of industry” drilling shot 


holes in a mine... 


This 2-inch Black & Decker electric hammer with- 
stands repeated impacts, shock, wear and abrasion, be- 
cause nickel alloy steels help to provide extra strength, 


toughness, and hardness in important parts. 


Crank and pistons are machined from Type 4615 
nickel-molybdenum steel, casehardened to assure high 
surface hardness supported by a tough core. Crank gears 
are turned from Type 3250 nickel-chromium steel, 
quenched and tempered for optimum strength and 
toughness. Various other hammer parts, including re- 
tainer rods, screws, studs and nuts are specified in Type 


3140 nickel alloy steel. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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The Black & Decker Manufacturing Company of 
Towson, Md., use nickel alloy steels to attain long service 
life... and correspondingly less maintenance, fewer re- 


placements, and lower non-productive labor costs. 


Nickel alloy steels offer significant advantages, Write 
for suggestions regarding the best type for your ap- 


plications. 


Over the years, International Nickel has accumulated a fund of 
useful information on the properties, treatment, fabrication and 
performance of engineering alloy steels, stainless steels, cast 
irons, brasses, bronzes, nickel silver, cupro-nickel and other 
alloys containing nickel. This information is yours for the 
asking. Write for “List A” of available publications. 


67 WALL STREET 
NEW YORK 5, N. Y. 
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by Charles D. Hoyt 


Mr. Hoyt, a Junior Member of AIME, recently re- 
turned from a tour of Europe on a Fulbright 
scholarship. During his stay there, he made a 
study of the Titania mine about which he writes. 


IME studies and cost accounting were com- 
bined to increase the efficiency of the over- 
all mining method and thereby reduce costs at 
the Titania mine of the National Lead Co. in 
southern Norway about 70 miles southeast of 
Stavanger. From these studies a more effective 


Fig. 1—Cyelical opera- 
tion recorded by line 
after each time inter- 
val; symbol above sig- 
nifies operation 


ost Accounting 


ency at Titania 


| 


drilling system was developed, standards were 
adopted for setting base pay rates, shrinkage 
stoping was abandoned for open stoping, a new 
mechanical loading chute was adopted, and the 
loading and haulage system was changed 

Ore minerals at the Titania mine are ilmenite 
and magnetite; gangue minerals are plagioclase 
and hyperstene with accessory minerals of bio- 
tite, pyrite, chalcopyrite, and spinel. The aver- 
age content of the ore is 17 pct TiO. and from 20 
to 25 pct iron. The ilmenite crystals contain 
microscopic lamels of hematite, making it im- 
possible to obtain a high TiO, content in the 
concentrate. An ilmenite concentrate with 44 
pet TiO, and 36 pct Fe, and a magnetite concen- 
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Shrink stope 
break-through 


at surface 


- Supply host 


Fig. 2—Benching from the surface proceeding after 
the shrink stope along the hanging wall has been 
completed and the undercut by sublevel stoping fin- 
ished. 


trate with 65 to 66 pct Fe and less than 2 pct 
TiO, are made. The magnetite concentrate also 
contains about 0.65 pet V.O.. 

The ore body has been deposited in a fracture 
in anorthosite, dips 45 to 60 pct to the North, 
strikes ENE, outcrops at the surface over a dis- 
tance of one mile and has an average thickness 
of 150 ft. Reserves of 30 million tons of ore are 
delimited. 

The original exploitation of the ore did not 
start until shortly after the first World War. At 
this time mining was started with open cuts. 
Operations were on a small scale and from 1919 
to 1935 aproximately 500,000 tons of ore were 
removed in this manner. 

Plans for underground mining on a large scale 
were made in 1935. During the planning for ex- 
tended production, open-pit mining was consid- 
ered but dismissed because for each ton of ore 
that was to be mined there would have been 2.5 
tons of waste rock to handle which would have 
to be drilled and blasted. Since the hanging wall 
and the footwall are composed of solid anortho- 
site, the ultimate mining method selected was 
transverse shrinkage stoping. 

The mine was opened with an adit 90 ft below 
old workings. Horizontal development com- 
menced with a double-tracked footwall drift and 
an empty car hanging wall drift: crosscuts were 
driven through the ore on 45-ft centers. The 
stopes were 60 ft wide with alternating pillars 
of 24 and 36 ft. The loading was performed with 
timbered Chinaman chutes. 

The installation of two large compressors gave 
the mine a total delivery of 3100 cfm at 100 psi. 
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Thirty-six ton storage battery locomotives were 
purchased and 75 side dump mine cars (70 cu ft 
capacity). Two loading machines were procured 
for loading drift rounds. 

The ore deposit has many clay filled fissures 
which caused heavy rock slides from the stopes. 
Fortunately these all occurred on Sunday or off 
shift. This danger caused the consideration of 
new mining methods. 

Occupation during the war years provided the 
opportunity for studying the operations for im- 
proved methods by time studies and revised ac- 
counting. Mining was continued as usual with 
one noteworthy exception. Production and effi- 
ciency became lower and lower. One glance at 
the production figures is worth many words in 
explaining the silent yet totally effective war- 
fare carried on by the Norwegians against Nazi 
occupation. See Fig. 4, p. 937. 

The new method developed is a combination of 
three types of mining and is applicable only to 
the upper 200 ft of the ore body which outcrops 
at the surface, shrinkage stoping, sublevel stop- 
ing, and open-pit benches being used. 

The ore is removed in 60 to 66-ft transverse 
stopes. A pilot drift is driven on the strike to 
determine footwall limits. Later a 7x16!-ft 
double tracked transportation drift is driven in 
the footwall. Loading drifts are driven on the 
strike on 60-ft centers. A raise is driven in the 
center of the stope from the hanging wall drift 
along the hanging wall to the surface. At the 
same time a crosscut is excavated from foot to 
hanging wall 60 ft above the loading drift. From 
the raise, a hanging wall shrinkage stope is 
driven to the surface and the ore drawn off. The 
60 ft of ore between the haulage level and the 
sublevel is taken by sublevel stoping as shown 
in Fig. 3. The next step is to remove ore left be- 
tween the sublevel and the surface. This work 
is an open-pit operation and the face is broken 
down to an angle of about 38°, which is the least 
slope the ore will run down freely. The ore is 
broken in 16-ft benches, retreating from the 
lower portion of the open-pit face. The entire 
bench is blasted simultaneously with electric 
detonators. At the same time that this work is 
in progress, there is a careful scaling of all pillar 


Fig. 3—Drawings 1 through 5 show, respectively, the 
successive steps in stoping; the hanging wall raise, 
hanging wall shrink stope, undercutting by sublevel 
stoping, surface benching begins, stope near com- 
pletion. 
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Fig. 4—The plunging curve from 1940 to 1945 indi- 
cates the resistance by the Norwegians to the Nazi 
occupation forces. 
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without development 
Fig. 5—Time-study methods proved the greater effi- 
ciency of inclined blast-holes over horizontal ones. 
Improved fragmentation, reduced roof maintenance, 
and faster setup time were advantages. 
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walls to prevent future accidents. The footwall 
section of the pillar is broken simultaneously 
with the surface work. See Fig. 2. 

The new stoping method has been found to 
have many advantages over the old system of 
mining. Ore broken on each shift is loaded and 
the miners paid on the number of cars taken 
out. This car tally after each blasting cycle 
makes it possible to keep accurate records on 
explosives used per ton of ore broken and there- 
fore excellent control of fragmentation effi- 
ciency. Loading ore from open stopes is more 
efficient because of the absence of ore pressure 


Table |—PRIMARY DRILLING TIME STUDY SUMMARY 


A 8. c 
Inclined Holes Horizontal Holes Inclined Holes 


SAR 
13.9 


8.8 


A-- 


F—iunch, travel-early quit 
O—total erection time 
E—efficient drilling time 
B—changing drill stee! 
L—tamping and loading 
S—blasting time 


V—smoke delays 

T—scaling the back 

H—getting drill steel, explosives 
P—blowing out holes with air 
A—assistance by helper 
I—springing holes 


Drilled feet per shift 

No. of drill holes 

ib. explos. per ft drilled 

Efficient drill speed 
(in. per min) 


Horizontal drill holes 


permitting free flow. Fewer chutes are needed. 
Loading and drilling can be carried out on the 
same shift. The new method is safer. 


Procedure in Time Studies: 


To introduce time study work, itemized cost 
figures of all phases of mining operation are 
needed. The most costly operations are deter- 
mined and attempts made to first reduce these. 
The operation selected must be observed for a 
few days until the observer is completely familiar 
with every variation of the work. Next the num- 
ber of days or weeks during which the study will 
be conducted must be decided. This is dependent 
on the individual operation and is a variable fac- 
tor. The study is then carried out. For con- 
venient recording the Titania mine has devel- 
oped a tabular form for recording time study 
data. By placing a line through the appropriate 
time interval on the chart, the necessary data is 
recorded. The symbol is placed directly above 
the time interval. Fig. 1 is a record for a loco- 
motive haulage study. When the studies have 
been formally completed, they are summarized 
and presented to the administrative official. Re- 
sults are thoroughly discussed from every con- 
ceivable viewpoint. From the discussions grow 
the recommendations for changes. Naturally 
they sometimes verify the effectiveness of the 
operation being observed. 

For several years shrinkage stoping was done 
with horizontal holes, as shown in Fig. 5, before 
the question was raised as to whether inclined 
holes might prove more effective. By a series 
of time studies of both methods, Table 1, sev- 
eral reasons for the superiority of inclined holes 
were discovered. With inclined holes the break- 
ing begins at the hanging wall and since less 
roof area is exposed than with horizontal holes, 
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Fig. 6—This curve illustrating the relationship be- 
tween rock drill speed and distance drilled per man 
per shift is a standard for comparison of miners and 
new drilling machines. 


a minimum of roof scaling and maintenance 
work is necessary to make a safe entry from 
the footwall raise. Another advantage of in- 
clined holes is that the burden is reduced to 
3.5 ft, giving sufficient fragmentation to elim- 
inate secondary blasting. Since the retreat is 
free, all the tools may be left close to the work- 
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ing face. An air pipe may be placed in the stope 
to reduce the length of air hose used which will 
give greater pressure at the working face. When 
working with horizontal holes the length of air 
hose can be 270 ft at the hanging wall, which 
greatly reduces the working pressure. When 
blasting is done with horizontal holes, all the 
equipment must be removed for each round. The 
drill set-up time is reduced by the use of in- 
clined holes. 

Without a time study and exact analysis of the 
two methods, it would appear that one method 


ff chute door 


4 


Fig. 8—The efficiency of drawing ore was increased by these chutes. The top one is partially constructed 
of concrete and therefore permanent, whereas the bottom one can be moved to another draw point as 


the ore is worked out. 
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was superior to the other. Such a haphazard 
perusal may cost time and money, whereas care- 
ful time study work and proper interpretation of 
the results will provide more efficient mining 
methods at the lowest costs. 

Another application for time study methods in 
the mines is the establishment of standards for 
various operations. An illustration of this in the 
Titania mine is shown in the 15-day study of 
drilling in one of the stopes. From these studies 
the composite curve was calculated for the vari- 
ous drill speeds versus the drilled meters per 
man per shift. Thus in similar work there is an 
accurate basis for calculating the work that 
could be obtained by a new drill with a higher 
drilling speed or the evaluation of the various 
miners’ output. This curve is shown in Fig. 6. 

One of the first problems was to establish the 
economic fragmentation of the ore. By accumu- 
lating data on the costs of blasting and loading, 
these values were plotted against the varying 
fragmentation ratios, as shown in Fig. 7. 

The more coarse the fragmentation in the 
stopes the higher the loading costs and lower 
the breaking costs. Conversely, fine fragmenta- 
tion gives high breaking costs and low loading 
costs. Careful accounting figures and experi- 
ence will indicate the optimum amount of drill- 
ing for each ton of ore. 


New Mechanical Loading Chute 


The new open stope method presented the 
need for a more rapid and efficient means of 
loading at the chutes. Chutes are needed as soon 
as development begins since there is no delay 
such as in shrinkage stopes. 

Through a series of time studies the idea for a 
new mechanical chute was developed. The prin- 
ciple of it is merely a conventional Chinaman 
chute with the planks forming the feeding point 
replaced by a feeding car which covers the load- 
ing slit. The first two models of the loading 
chute worked quite effectively but each had its 
disadvantages. The first type was made of wood 
clad with iron plates. This model resulted in 
high repair costs. The next version was con- 
structed of reinforced concrete, as shown in Fig. 


8. This also operated satisfactorily but it had 
the disadvantage that it was a permanent struc- 
ture which made it costly. 

The final model, which is in service today, is 
an all steel construction manufactured in the 
shop. Two transverse beams are hitched to the 
drift walls and from these the total construction 
is supported. Two longitudinal beams form the 
top and these are topped with a 2'5-in. manga- 
nese wearing plate which forms the loading slit 
(7 ft 10 in. long and 28 in. wide). Along the flange 
of the longitudinal beams the feeding car is run 
on wearing rails (Fig. 8). 

The top plate of the feeding car slides above 
the wearing plates of the longitudinal beams so 
as to give a positive feeding action. The feeding 
car is moved by a 12-in. air cylinder operated 
from a valve at the platform. The feeding car 
is topped by two manganese steel plates and is 
carried on manganese wheels with roller bear- 
ing axles. 

A vertical cross section of the chute as it ap- 
pears in the draw point is shown in Fig. 9. A 
heavy chain screen is hung in front of the oper- 
ator’s platform to protect him from falling rock 
and a safety chain is provided for his support 
while working over the chute. 

During the stope life approximately 100,000 
tons of ore will pass the draw opening neck; this 
causes a great deal of wear on the rock neck. As 
it is slowly worn away the ore will flow too far 
into the loading chute and endanger the oper- 
ator. To encounter this difficulty the transverse 
beams are placed in slots in the wall. Then as 
the rock wears away the entire construction is 
moved back to compensate for the wearing 
action. 

After the stope is totally worked out the chute 
may be removed and transferred to the next new 
loading point. This is done by removing 16 bolts 
and transporting the entire chute to the desired 
point. 

It is essential that large mine cars be used in 
the operation because the changing time for a 
large car and a small car is just the same. Time 
studies have made it clear that the loading time 
for an 88 cu ft car and 140 cu ft car is exactly 
the same. The loading capacity of the chute is 


Fig. 9—Cross-section of 
the chute in place 
showing control plat- 
form, chain screen, and 
safety chain. 
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Fig. 10—Open stoping, above: 
4 stopes, 16 mechanical load- 
ing chutes, working length, 
300 ft equal, below: 9 shrink 
stopes, 72 hand loading 
chutes, working length, 810 
ft equal 400,000 tons per year. 


directly in proportion to the size of the mine car, 
within reasonable limits. Titania is at the pres- 
ent replacing all 88-cu ft car bodies with 140-cu 
ft ones. This chute has been specifically designed 
to withstand the enormous wear of loading large 
quanties of coarse broken ore. 

When the first mechanical loading chutes were 
installed a number of time studies were con- 
ducted to determine actual loading efficiency. 
The figures summarized below are conservative 
because since these studies, several developments 
have been made and now the operators are more 
familiar with the chutes. 


Total Tons 
Total Cars Avg. per Net Wt per Effect. load 
Avg. Shift 8 hrs car tons time hr 
83.3 322 3.83 2.25 


The figures refer to coarse broken ore — with 
fine muck it will have a tremendous loading ca- 
pacity. 

Maintenance costs are currently from 0.4 to 
0.6¢ per ton as compared to the 2.l¢ per ton with 
the timbered chutes and hand loading. The me- 
chanical chutes give a saving of approximately 


Fig. 11—By changing to longitudinal loading drifts, 
haulage was speeded. 


25 pet in explosive consumption at the loading 
slit, because large slabs are easily handled. 
Titania has ten such chutes in operation and 
is planning to add ten more when the old wooden 
loading chutes will be completely replaced. 


Mine Transport 


Another phase of mining that has been treated 
by time study work is the haulage system. In the 
original shrinkage method transverse loading 
drifts were used. These were not particularly 
satisfactory for haulage because the crosscuts 
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gave too many switches which caused excessive 
wear to the rolling equipment, much track re- 
pair, and numerous derailments. Studies of the 
method were made and the results are shown in 
the table. 


HAULAGE STUDY 


Symbol Pct 
F Lunch 15.8 
S Ore Dump Switch 14.7 
E Moving loads 13.5 
T Moving empties 13.5 
L Moving locomotive 13.2 
v Delay load 99 
K Coupling 9.3 
P Switching 5.0 
D Miscellaneous 4.6 
M Moving Supplies 0.5 

Total 100.0 


These results indicated a need for a new haul- 
age system. The proposed system that is now 
being installed is longitudinal loading drifts. 
These are shown in Fig. 11 along with the pro- 
posed system of switching. A locomotive ar- 
rives at point A with empty cars; it switches to 
B and travels along the loading drift to the rear 
of the train being loaded. From the loading point, 
L, to D the cars have been loaded. The entire 
set of loads and empties are pushed past the 
loading point until the first car of the new set 
is under the loading point. Loading then pro- 
ceeds as the locomotive switches out the loads 
and empties at point E; the entire set is taken 
to A and the empties placed back in the loading 
drift and the loaded cars hauled to the crusher. 

This system should greatly reduce delays in 
loading and result in a more efficient haulage 
system. 
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Open-Pit Forum 


Minnesota Granite Poses 
Tough Drilling Problem 


would like to hear from some operator who 

is having a hard time getting 1 to 2 fph with 
29T churn drills. The 10.5 fph given as the 29T 
rate at Chino (Open-Pit Forum, ME, May 1949) 
sounds like easy going to us. 


—. ~/Varrison 


Chief Engineer, J. L. Shiely Co. 
St. Paul, Minnesota 


“yne of the operations of the J. L. Shiely Co. is 
quarrying in a hard granite gneiss with in- 
trusions of gabbro or trap. During the winter of 
1948-1949 the quarry ramp was lowered about 
30 ft and during the 1949 season practically all 
drilling was done from the quarry floor, develop- 
ing a face from 72 to 83 ft for the entire quarry 
area. The performance and cost table shows our 
record for 1948 and 1949. 

Because the rock from the quarry is crushed 
and sized we do not hesitate to spend a little more 
for explosives or secondary drilling if so doing 
will profitably increase the shovel output to the 
plant. The secondary drilling cost was reduced 
in 1949 by the use of Kennametal bits as shown 
in the table. Thought has been given to the use 
of a drop ball rig for secondary breaking but the 
2-acre area below ground level now being worked 
scarcely offers opportunity for experimenting. 
Such a rig would have to operate for less than 
$9.40 per hr, including depreciation, to equal the 
present ton cost of $0.0564. 

We have been increasing the weight of tools 
used With 29T drills. In 1949 we increased the 
weight from 2650 lb being used in 1948 to 3000 
lb. The weight has been further increased to 
3500 lb for 1950. Beyond this it seems that a new 
device is necessary to improve footage in this 
hard granite. 


Performance for Quarry Breaking with 29T, Drilling 
9-in. Blast Holes 


Unit Total 1948 
Ft drilled 8728 3606 
Hr drilled 717 

Man-hr 8346 

Tons produced 420088 

Tons per drill-ft 48 

2 Ft per hr 

2Dollars per drill ft, labor and material 

Dollars per hr, labor and material 

Dollers per man-hr, labor only 

*Dollars per drill-ft, bit servicing and shop, 

labor and materia! 

*Lb, primary explosives 

Tons per ib 

*Tons per Ib, secondary explosives 


Operations at the Shiely-Petters Crushed Stone Co., St. Cloud, 


Minn. 


Costs (dollars per ton) of Quarry Breaking with 29T 
9-in. Blast Holes 


tabor Materials Totals 
742 24 948 949 749 2-yravg 
Driliing 0.05 0.0506 0.0/9 0.0/83 157 0.0689 0.072! 
Bit servicing and shop 0.0230 0.0273 0.0'% ’ 4426 0.0378 0.040! 
Primary explosives 03 105 

Secondary explosives 

Secondary drilling 

Quarry breaking costs 

Shipping, pumping, etc 

Total 


Tons per ft of 9 in. hole drilled in 1949 decreased 
because the drilling for lowering the quarry floor was 
spaced 24x27 ft instead of the usual 27x30 ft for face 
drilling 1948. 

The feet drilled per hr increased 40 pct due, no 
doubt, in 1949 to easier moving conditions on quarry 
floor and improvement due to experience. Nickel bits 
gave little extra footage per se, but did increase 
change time interval about 50 pct. Added weight of 
drill tools to total of 3000 lb in 1949, increased foot- 
age also, probably about 20 pct 

*The nickel steel bits made some saving by decreas- 
ing the number of bits required per hr, thus reducing 
overtime in shop. Improvement in blacksmith’s tech- 
nique from experience also helped 

Total drill and bit cost per ft, $6.55 for 1948; $4.59 
for 1949. 
‘Explosive prices increased '4¢ per lb in 1949. 

* Decrease in secondary drilling costs due largely to 
Kennametal! bits. 
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By George T. Bator 


f confronted with the problem of pumping a 

mixture of slime-free sand, gravel and boul- 
ders up to six in. in diameter, at the rate of 
175 tons per hr in one single-stage pump 
against a static head of 90 ft and a total head of 
140 ft, of which 20 is on the suction side, an en- 
gineer might be forgiven for backing away from 


Mr. Bator is in the mining department, Colorado 
School of Mines and a member of AIME. 


the job, especially if he were also told that the 
pump wearing parts must have a minimum hard- 
ness of 550 Brinell for the sake of abrasion re- 
sistance. Yet precisely that feat has been ac- 
complished in the gravel pit of John B. LaGarde, 


‘ 
RN 


Cutaway view of the Thomas Pump shows: (1) impeller, (2) side 
liners, {3} casing, top half, (4) casing, bottom half, (5) jack 
screw and nut, (6) water jacket. 
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Dredge Pump Life Increased by 


Inc., near Anniston, Ala. The pump used is of 
decidedly novel design and its successful opera- 
tion since installation 112 years ago suggests that 
it may be of timely interest in numerous other 
applications in the mining industry, such as 
pump transportation of coal washer refuse or 
rock from open-pits without unduly fine crush- 
ing. 

The terrain surrounding the LaGarde pit is 
relatively flat and when the pit was first opened 
up some years ago, a pump of semihard gray iron 
was satisfactory for the relatively light duty at 
that time. As the pit deepened and boulders be- 
gan to be encountered, it was necessary to change 
to manganese steel for the sake of both abrasion 
and shock resistance. When the floor of the pit 
reached 90 ft below surface, it became obvious 
that the limit of single-stage work for the pump 
in use had been reached and a second similar 
pump was purchased for a booster. 

In the meantime, Thomas Foundries, of Birm- 
ingham, had undertaken the design of a dredge 
pump that could be made of Ni-Hard. The su- 
perior abrasion resistance of Ni-Hard is generally 
recognized but it is admittedly attained at the 
expense of decreased ductility so that the use of 
Ni-Hard had not been feasible in large dredge 
pumps of conventional design. 

In the pump now to be described, this difficulty 
was circumvented by taking advantage of the 
incompressibility of water. As shown in the 
drawing, a one-piece Ni-Hard casing liner of 
volute design is mounted in and surrounded by 
an outer casing of ordinary cast iron. Within 
this casing, two Ni-Hard side liners are held in 
place in a smooth fit against the casing liner by 
means of jack-screws through the outer side 
plate. These, together with a top jack-screw, 
position the assembly and the Ni-Hard impeller 
operates within the enclosure so formed. The 
construction and the relation of the shell liner 
to the outer casing is such that there is a space 
of approximately 1-in. between the two which 
is filled at all times with clear water, so that the 
shock and impact caused by heavy boulders, 
rams, water hammer or blow-backs, are cush- 
ioned by the confined body of water and thus 
transmitted to the heavy cast-iron outer shell. It 
is this feature of the design that enables the ex- 
tremely hard and nonductile Ni-Hard to with- 
stand the heavy shock loads. This putting of the 
gland water to double use, so to speak, also in- 
sures that no damage can be done to the outer 
casing should the casing liner wear through. 

The first pump manufactured in this design 
was installed in the LaGarde gravel pit in Sep- 
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e hard alloy 


e water cushion 


e double casing 


tember 1948 and has operated successfully in a 
single lift since that time. The pump is driven 
by a 200-hp Diesel engine at approximately 600 
rpm through a V-belt drive; it has a 10-in. suc- 
tion, 8-in. discharge, and 30-in. impeller. The 
centerline of the pump is approximately 15 ft 
above the surface of the water in the sump and 
there is 30 ft of 10-in. pipe. The total static lift 
is 90 ft from sump water level to the point of 
discharge, equivalent to a total head of 140 it. 
In operation, the sand and gravel is sluiced to 


Looking down discharge line to shack housing Thomas pump at 
bottom of J. B. LeGarde, Inc. gravel pit near Anniston, Ala. 
Booster pump had been planned, but was never necessary. 


the pump intake by means of hydraulic monitors 
and the feed is consequently irregular in both 
size and rate. On the average, the pump is mov- 
ing 2700 gpm and the output averages 150 to 175 
tons of sand and gravel per hr. The space be- 
tween impeller shrouds is 6% in., so that rock of 
sizes approaching the capacity of an 8-in. pipe 
occasionally pass through and do so without diffi- 
culty. They do not require extra push water be- 
cause they pass through the line piston-fashion. 
Occasionally a larger piece will come up the 10- 
in. suction line. The only evidence the operator 
has at such times is the laboring of the Diesel 
and he takes care of the situation by cutting off 
the engine momentarily to permit run-back. 

From the operating viewpoint, the fact that 
the installation of a booster pump was rendered 
unnecessary is indicative of satisfactory power 
utilization. The life of the wearing parts in the 
manganese pump previously used ranged from 
two to a maximum of four weeks, depending on 
the character of material currently being 
handled. The Ni-Hard wearing parts of the new 
pump have a minimum hardness of 550 Brinell 
and a life from 5 to 7 times longer than man- 
ganese steel parts. 

A second pump, identical with the one above 
described, has been installed at the pit of the 
American Sand & Gravel Co. Hattiesburg, Mis- 
sissippi. This pump, also Diesel driven, is work- 
ing against a total head of 110 ft, handling 175 
tons per hr of gravel up to 1%, in. in size, from 
which the —14-in. fines have been screened. More 
recent installations of the pump have been made. 

Altogether, the fundamental novelty of these 
pumps is that they are of a hard alloy in a serv- 
ice where some ductility of metal has always 
been regarded as essential. The unconventional 
design features are simply those required to take 
advantage of hardness without penalty from lack 
of ductility. 


SEPTEMBER 1950, MINING ENGINEERING—943 


“A 
An 
a 
| 
4 a F 
| 


Mine and Surface Maps 


By Neil O'Donnell 


N ODERN mine maps are largely a product of 
evolution. The first mine maps used in the 
West were old composite maps with all the levels 
Plotted on the same sheet. The composite was 
Widely used and occasionally is seen even now. 
This type of underground map had serious limit- 
ations. One was the development of an inde- 
Cipherable complex of workings around steep 
Shafts. The other limitation was that of size; 
Often when a working passed the limit of the 
Sheet no map was made of it. 

These old maps have been superseded by the 
Single level maps, laid out in squares or rec- 
tangles which can be expanded indefinitely in 


Mr. O'Donnell is executive vice-president and 
general manager, Idaho Maryland Mines Corp., 
Grass Valley, Calif., and an AIME member. 


all directions. This produces a system capable of 
Unlimited expansion in three dimensions, with all 
the detail of every working clearly marked and 
legible. 

A good set of mine maps should be laid out in 
blocks, all blocks of equal size. Each block should 
be limited by plane coordinates without overlap 
on bounding map quadrangles. At all times the 
direction of North should be indicated as an aid 
in remembering bearings of underground work- 
ings. 

It is desirable that all maps of whatever scale 
be plotted on sheets of uniform size. In fact, it is 
possible to make nearly all underground maps, 
surface maps and sections on sheets of the same 
size. 


Plane Coordinates 


Most metal mining operators employ a system 
of plane coordinates for location of mine and 
surface workings. The coordinate system should 
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be devised so all of the mapped area is in one 
quadrant, preferably the northeast quadrant. 
Contrary to belief of some the 0.0 point of the 
coordinates need not be a known point. For ex- 
ample, the 0.0 point of the Los Angeles city co- 
ordinate system is in the Pacific Ocean. 


Surface Maps 


Most companies require information on topog- 
raphy, geology, property lines, assays, culture and 
triangulation nets. For large areas, scales less 
than 200 ft to the in. are not recommended if 
detail is to be mapped. At Idaho Maryland the 
surface maps are on 200 ft scale. Each map covers 
an area 6000x8000 ft, or 30x40 in. inside coor- 
dinates. Map blocks are designated by letters 
reading from west to east and by numbers read- 
ing from south to north. On this scale one set 
of letters will cover expansion to a width of 
nearly 40 miles; the possible expansion north and 
south is nearly limitless. 

The reason for numbering from west to east 
and south to north is that all workings are in the 
northeast quadrant and addition of letters or 
numbers are in the direction of possible ex- 
pansion. 

The base map for all surface surveys is the 
hard copy. Hard copy sheets are usually a good 
grade of mounted paper with a cloth back. From 
the hard copy tracings can be made for a wide 
variety of purposes. The types of tracing used 
are dictated by the problems management faces. 
In some places a single tracing of each hard copy 
has everything on it, including geology. As a 
general rule, however, geology is not plotted on 
hard copy maps and separate tracings are best 
for geology. Geological tracings should have con- 
tours, roads, streams, diamond drill holes, cul- 
ture, shafts, dumps, trenches, and cuts. They 
may or may not have mining claim or property 
lines. In some places these are desirable on geo- 
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logical maps, in other places they are not. Pipe 
lines and power lines may be useful for location 
purposes, otherwise they should be left off the 
sheet. The fewer the non-essentials on a map 
the better. Geological tracings should have the 
coordinate system ruled with spacing of coordi- 
nates uniform in both directions. This spacing 
may vary from 100 to 1000 ft. It is doubtful if 
any interval would be desirable at less than 100 
ft, or more than 1000 ft. This map should also 
show traces of sections in use for determination 
of the surface outline on sections and for ready 
transfer of surface geology to sections. 


In some instances assay values determined from 
trenches, cuts or holes can be placed on surface 
geologic maps and it makes a desirable combina- 
tion; at other times it is not desirable and assays 
better be placed on a separate sheet. If necessary, 
both of these sheets may be placed over a shadow 
table in register and the relative position of all 
points noted. The decision to use one sheet for 
geology and assays or separate sheets for each is 
a decision to be made locally. 


Claim ownership or property boundaries may 
also be placed on the geological map and often 
are. Where the claim set-up is complex or where 
there are extensive grants of rights-of-way for 
power lines, ditches and roads or surface prop- 
erty ownership, which is not coincidental with 
mineral land ownership, a separate tracing for 
properties, rights-of-way and other delineation 
of rights or ownership is most desirable. This 
map may be used in conjunction with other 
tracings over a shadow table to determine rela- 
tive positions of points such as relation of geo- 
logical information to property boundaries. 


The third desirable tracing of surface work- 
ings is the culture map. On this map should be 
placed topography, roads, streams, bridges, reser- 
voirs, buildings, tramways, shafts, tunnel portals, 
power lines, pipe lines and anything else that a 
construction man might need for new construc- 
tion or location and maintenance of old con- 
struction. 


The scales most used on surface maps are 40- 
50-60-100-200-400-500-600-800 and 1000 ft per in. 
Of these, the multiples of 50 ft are best. Only 50, 
100 and 200 ft per in. are recommended for work- 
ing maps and 400, 500, 800 and 1000 ft per in. for 
maps requiring larger scope and less detail. The 


seale in this case would be determined by the ob- 


jective of the map. 


For metric scale maps there is a general drift 
to multiples of 500 rather than 50, that is: 1:500, 
1:1000, 1:2000, 1:5000, 1:10,000. The 1:500 scale 
more nearly approximates a scale of 1 in. to 40 ft 
(being 1 in. 41.666 ft) than the more widely 
accepted 1 in. 50-ft scale. Metric scales have 
decided advantages over the in.-ft type of meas- 
urement. It will also obviate conversion of maps 
from inch scale to metric scales for legal pur- 
poses—a job which can become very tedious. 


Underground Maps 


For underground maps a scale of 50 ft per in. 
is recommended. It is large enough to get a great 
deal of detail in geological mapping and it is 
small enough to get a block 1500x2000 ft on a 
30x40 in. sheet. At Idaho Maryland each 20 ft 
scale surface map covers sixteen 50-ft scale un- 
derground maps. Sheets for underground maps 
are also 30x40 in. inside coordinates. This size is 
recommended because it is easy to handle, files 
in standard drawers and is easy to work on be- 
cause points to be plotted on any part of the 
map are easily reached and tracings are easily 
printed on standard printing machines. Under- 
ground maps are also sub-lettered from west to 
east in each 200-ft scale block and from south to 
north. 


A hard copy base map is recommended for 
underground maps. These sheets should have 
only workings of a single level on them, together 
with survey stations, survey station numbers, 
diamond drill holes, diamond drill hole numbers 
and elevations where desired. These maps should 
have coordinate lines in some color other than 
black and should also have traces of sections, not 
on coordinate lines, in some color different from 
either the coordinate color or black. Elevations 
should be given on enough points so that geo- 
logical sections can be made which show the ac- 
tual elevation of workings, rather than presumed 
elevations for workings. This helps materially in 
working out detailed structure on sections. 


Diamond drill holes may be designated by a 
color other than black and solid lines used for 
flat holes and a dashed line for inclined holes. 
If holes are not surveyed the presumed length 
and bearing should be plotted. If they have been 
surveyed, the actual bearings and distances 
should be used. On inclined holes only the hori- 
zontal projection is desired. Black ink is best for 
workings and survey stations as well as all letter- 
ing. It is easiest to see through tracing cloth. 


The tracings recommended for use in ordinary 
mine procedure are: (1) a geological map, (2) an 
assay map, and (3) a stope map. In some places 
and under certain conditions the geologic map 
and the assay map are the same, but as a gen- 
eral rule, the assays should be plotted on a sep- 
arate map. The practice at some properties, 
where gold or silver is mined, of using the dollar 
value of these metals on assay maps is a bad one. 
Definitely the oz per ton or g per ton should be 
used, otherwise price fluctuations render old 
maps inaccurate and inefficient. Assay informa- 
tion should show in order: (1) the width or 
length of sample channel, (2) percentage of the 
most important metal, (3) percentage of the next 
most important metal, etc. Ounces per ton or g 
per ton can be substituted for percentage. In 
vein type deposits location of the sample is de- 
sirable because more than one sample may cut 
across a face. For example, the first sample may 
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be the hanging wall, second the vein, third the 
tootwall as exposed. 

In some places vertical sections are more de- 
sirous for plotting assay information than plan 
maps. At Potosi, Bolivia, it was found that sharp 
outlines of stopeable ground could be determined 
by putting assays in drifts on vertical longitudi- 
nal sections of each vein. This was in a type of 
vein in which it was impossible to tell by visual 
examination whether the vein contained tin or 
not. This method of plotting assay information 
may have a wider use than has been generally 
believed. In this particular instance it was re- 
markable how well the ore shoots could be out- 
lined on these vertical sections. 

Combinations of plan maps and vertical sec- 
tions for plotting of assay information have been 
made with the idea of using the maps for sev- 
eral purposes. At Huanchaca, in Bolivia, there 
was a long vein which was essentially a single fis- 
sure. Assay maps were made which had, at the 
top, the drift on a level with its assay informa- 
tion; at the bottom was the next drift below with 
its assay information; both in plan as taken from 
the hard copies. Between these two was a long 
Section which showed the stoped and unstoped 
ground, between these levels. This mine produced, 
fn order of value, silver, lead, zinc, copper and 
gold. Fluctuations in value of one of these ele- 
ments often determined whether mining was to 
Cease, if a stope was operating, or start if not 
Operating. If operating and it was found neces- 
Sary to cease operation, samples were cut in the 
back of the stope and plotted on the longitudinal 
Section, available for the next fluctuation of 
Values. 

These maps were used for ore computations 
also, prints being made annually and filed with 
@re computations. The mine superintendent and 
his staff found this type map most useful in de- 
termining, quickly, tonnages and grades of ore 
available in unstoped areas. 

The third type of tracing usually required at a 
mine is the stope map. Of these there are vari- 
eties almost without end. The simplest for a sin- 
gle fissure mine with a vertical vein is a vertical 
section in the plane of the vein on which raises 
and stopes can be recorded. In mining flat lying 
deposits the plan map is the stope map. From 
this simple beginning an almost limitless variety 
of combinations can be evolved. Where the vein 
system becomes very complex, or large irregular 
bodies are mined, outlines on regular or stated 
intervals must be resorted to which are worked 
up into books, one sheet above the other, with 
an outline of the stoped area on each sheet at 
its respective level. Most small to medium mines 
fall in the zone between the simplest and the 
complex, although they may have veins which 
require any one of the above treatments. No one 
of these methods is ideal. Most orebodies are 
neither vertical nor horizontal, nor do they usu- 
ally maintain uniformity of dip or outline. Some 
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properties make use of vertical long sections for 
veins whose dip is greater than 45° and hori- 
zontal projections where the dip is less than 45’. 
In both of the above cases the projection gives a 
relatively close approximation of the length of 
the block but the length up or down the dip is 
foreshortened and is always less than the actual 
dip measurement. Others prefer the “plane of 
vein section” in which the length of the ore body 
on the sheet and its dip measurement are reason- 
ably close to the actual length and dip measure- 
ment. The latter has the advantage that com- 
putations of ore tonnage can be made from the 
map more easily than in the case of the first two 
types. Either of the above stope maps requires 
less work in measurement and plotting than is 
the case where outlines must be measured on 
every floor of square set stopes or at more or less 
regular vertical intervals of excavation. However, 
as mentioned previously, for certain types of de- 
posit no other method is satisfactory. This lat- 
ter method has a decided advantage if detailed 
information is required on the shape of stoped 
areas for construction of mine models, especially 
for those models required in courts, or the com- 
putation of excavations, because this type takes 
into account area and thickness, whereas the 
other types take into account area only, unless 
marked with vein thicknesses. With the above 
limitations and weaknesses in mind, choice can 
be made of the type most desirable for the imme- 
diate deposit to be mapped. 


Vertical Sections 


Vertical sections at regular intervals through- 
out the working area of vein mines are essential. 
These sections give the third dimension to a map 
system and are extremely valuable for correlation 
of geology from level to level but they also serve 
as a check on mapping of geology on the levels. 
Often a projection of a structure on a section will 
not coincide with mapping on the level with the 
result that the level mapping will require check- 
ing. Very often the section will be found correct 
and the level mapping wrong. 

Sections should show all workings and dia- 
mond drill holes which cut the plane of the sec- 
tion, in solid lines. It should also show adjacent 
workings projected usually no more than 50 ft, in 
dashed lines. Drifts should be plotted at eleva- 
tions where they actually exist, otherwise the 
task of making geology fit the workings will be 
found to be a rather difficult one. 

Scales used on sections are usually smaller 
than those used on the plan maps, although 
there is no reason why they cannot be the same. 
In all cases the vertical sections should have a 
scale which would allow having a complete sec- 
tion from top to bottom of the mine on a single 
piece of tracing cloth. Those in use at Idaho 
Maryland are 100 ft to an in. 
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Manufacturers News 


@ FILL OUT THE COUPON FOR MORE INFORMATION e 


Air Compressors for Roof -Bolting Work 


Introduced by Davey Co. 


A new line of mine air compressors for handling all 
types of roof-bolting work has been announced by 
the Davey Compressor Co., Kent, Ohio. Outstanding 
feature of the compressors is their low height, the 
four standard models measuring 32, 33, and 37 in. 
Units are available in four standard two-stage sizes 
to deliver 105, 160, 210 and 315 cfm at 100 lb pres- 
sure 

Equipped with pneumatic tires and automotive 
steering, they are capable of 30° turns, and can reach 
many places inaccessible to ordinary mine compres- 
sors. Flanged steel wheels are available as optional 
equipment. All working parts are enclosed in a metal 
housing. Other features include Davey peak effi- 
ciency valves, oil pressure safety switch, full force 
feed lubrication and built-in unloader system. (Cir- 
cle No. 1) 


Froth-Flotation Separation Unit for Coal 
Preparation 


A froth-flotation separation unit has been added 
to the Wilmot Engineering Co. line of coal prepara- 
tion equipment. Pilot plant and field tests show that 
it has increased yield of marketable fines by 35 pct. 
All operations have been concentrated in one unit, 
with resulting economy in floor space, operating 
time, power and labor costs. The new unit is com- 
pletely automatic. Cone diameters in the 4 standard 
models are 6, 9, 12 and 16 ft, recovering fines of 

3/64 to + 100-mesh size. (Circle No. 6) 


Circular Bin Discharger Offered 


The S-A Circular Bin Discharger, designed for 
handling pulverized, granular, glutenous and soft 
lump materials that may refuse to discharge by 
gravity, is described in a new bulletin issued by the 
Stephens-Adamson Mfg. Co. Two types are avail- 
able, one with flight fingers above the bin bottom, 
the other with flights above and below the bin 
bottom. They carry material to discharge openings 
and give a measured flow in the case of two-stage 
units. (Circle No. 4) 


News Flashes 


cquipment 


Manual Jet-Piercing Blowpipe 


A jet-piercing blowpipe that can be held in the 
operator’s hands and used for piercing blastholes in 
rock quarries is a new product of the Linde Air 
Products Co. It is claimed that holes of 1", in. diam 
can be pierced to a depth of 5 ft in hard rocks and 
ores, such as sandstone, quartzite and granite. The 
pipe can be used at any angle for vertical or hori- 
zontal holes, as well as diagonal holes pierced from 
below in protruding rock. Larger blowpipes can be 
supplied for piercing holes to a depth of 7 to 9 ft 
or more. The pipe burns a mixture of oxygen and 
either kerosene or fuel oil. (Circle No. 3) 


Two New Types of Plastic Pipe Offered 


Carter Products Corp. has announced two new 
pipes in the CARLON line, called Carlon EX and 
Carlon L. The EX pipe is flexible, lightweight, and 
said to be absolutely rot, rust, and electrolytic resist- 
ant. It is suitable for use as an air duct, or in ex- 
haust systems or for electrical conduit work. It can 
be used with suction pumps to transmit sludge or 
expel acid waters from mines. It is furnished in 
standard sizes, weighs only 61 Ib in 100-ft lengths 
2 in. in diam 

The “L” pipe is a rigid plastic pipe, developed from 
a co-polymer base, and recommended for use in 
industry mines as an air line or for transmission of 
liquids, vapors and gases under moderately high 
pressure. High tensile and flexural strengths are 
claimed, and burst pressure is said to be 900 lb for ” 
a 214 in. diam section of the pipe. ‘Circle No. 2) 


Mighty Midget Hand Hoist 


The Mighty Midget, a hand-operated hoist or 
puller, weighing 9% lb, taking up less than 1 ft of 
space, and capable of lifting a full 1000 Ib load, is 
being offered by the Coffing Hoist Co. It features 
a double-purpose handle which can be used as a 
straight lever for heavy loads, or doubled over at 
right angles to itself to form a crank for high-speed 
lifting or pulling. The 100 lb capacity model sells for 
$27.50, and a 500 lb mode! is priced at $19.75. (Circle 
No. 8) 


@ A new machine which examines 
grease samples under stroboscopic 
light has been developed by the 
Texas Co. to determine changes in 
quality, texture, consistency, as well 
as tendencies toward aeration, leak- 
age and breakdown through heat 
and prolonged use 


e@ New territory near Carlsbad, N 
Mex. is being tested for potash. Di- 
amond drills are taking test core 
1500 and 1600 ft, and a mixture 
salt and potash is being found 
900 to 1500 ft in layers to 12 in 
diam 


@ The biggest current news in mine 
safety is the Mine Safety Appliance 
Co.’s John T. Ryan Memorial Lab- 
oratory in Pittsburgh. Its facilities 
are available to all industry 


@ A new Mineral Testing Labora- 
tory has been opened in San Fran- 
cisco by the Western Machinery 
Co. It serves metallic and non- 
metallic mining industries, coal 
preparation, sand and gravel and 
other related industries. A new 
Mineral Testing Department has 
been formed to run the labs 


® Large-scale production of gas tur- 
bines has been started by the Gen- 
eral Electric Co. in Schenectady, 
N. Y. More than 20 gas turbines 
are scheduled to be built within 
the next to years for power gen- 
eration and for gas pipe line pump- 
ing stations 


@ Carbon brushes can now be ob- 
tained at lower prices because of a 
new merchandising scheme devel- 
oped by National Carbon. Quantity 
purchasing of “standard brushes” 
packaged for easy storage and ship- 
ment makes this possible 
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New Ultraviolet Light Source 


A new ultraviolet light source with inbuilt dark 
chamber, for fluorescence detection and compari- 
son in daylight is being offered by Menlo Research 
Laboratory. Known as the Fluoretor, the device op- 
erates on standard flashlight batteries, and includes 
six various specimen-holding caps for examining 
various substances. It has a swivel head for left or 
right hand operation, and it can be converted from 
a daylight-viewing unit to an ultraviolet flashlight 
for scanning large areas. Sells for $49.50, or $35 


Trolley Tractor for Mine Haulage 


A trolley tractor to provide a supplementary trans- 
portation system for mines using belt conveyors for 
main line haulage is announced by the Baker-Raul- 
ang Co. It is arranged for trolley or battery opera- 
tion. 

No charging station is required, as in the main 
entry the tractor takes power from trolley wires, and 
beyond the trolley system the battery provides power 
for moving about working areas. 

Advantages claimed are: safe for hazardous areas, 
speed for long hauls, no charging equipment re- 


without case and special eyepiece attachment. (Cir- 


cle No. 5) 


For your convenience, a listing of 
booklets and other material currently 
being offered by the manufacturers. 
To obtain this information, merely 
circle the desired number on the cou- 
pon, and return it to MINING ENGI- 
NEERING. 


1) RUST PREVENTION: A new catalog 
issued by Rust-Oleum Corp. offers 
solutions to many industrial rust 
problems. There are at least 70 
color chips designated and repro- 
duced. Resistant qualities, drying 
time, thinner requirements and 
methods of application are com- 
pletely described. 


2) DIESEL TRAMMER: A bulletin de- 
Bcribing a 2-ton diesel mine tram- 
mer is offered by the Ruth Co. 
Power line, clutch, gears, axles, 
bearings, tires, side-rod drive, 
brakes, and exhaust gas condition- 
ing are all individually described. 
Various sections of the trammer 
illustrated by close-ups. 


3) SYNCHRONOUS MOTORS: Several 
articles citing the various uses of 
these motors are included along 
with illustrations of motors and 
generators in catalog 200-SYN-31 
available from Electric Machinery 
Mfg. Co. A synchronous motor per- 
formance chart is shown with di- 
rections for finding power compo- 
nent of current to motor, hp output 
of motor, operating power factor of 
motor, and reactive component of 
current to motor. 


4) ROLLER CHAINS: A complete pack- 
aging program for roller chains and 
parts has been announced by the 
Morse Chain Co., Div. Borg-Warner 
Corp. Bulletin F 57-50 gives com- 
plete details with all available 
standard packaged quantities and 
package weights and list prices 


5) TRANSFORMERS: Reactors and fil- 
ters are also included in 22-page 
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booklet available from United 
Transformer Co. Various models 
are illustrated along with dimen- 
sions, weight, voltage and current. 
A price list on the complete line is 
given. 


6) STEEL SELECTION: A 4-page bro- 
chure lists all popular grades of 
hot-rolled and cold-finished carbon 
and alloy steel bars, giving princi- 
pal characteristics, mechanical 
properties and uses. Issued by 
Joseph T. Ryerson & Son, Inc., it is 
intended to serve as a convenient 
guide to the selection of bar steel 
for various jobs that come up in 
the average shop. 


7) SERVICE PUMPS: Sketches show- 
ing vertical turbine pumps applied 
to river and relift service, boosting, 
recirculation, cooling tower, gas and 
oil pumping, and drainage are con- 


combines speed 
trackless flexibility of battery power. 


Manufacturnrs’ Bulletins 


of trolley operation with 
(Circle No. 7) 


tained in 16-page bulletin offered 
by Layne & Bowler, Inc. Cut-away 
drawings of pump bowls and dis- 
charge column are also included. 


8) POWER SHOVELS: Thew Shovel 
Co. presents its new model in the 
line of power shovels and cranes in 
a new catalog. It is the first ma- 
chine in the 1 yd class equipped 
with a hydraulic coupling as stand- 
ard equipment. This prevents stall- 
ing of engine due to any digging 
conditions, increases output, and 
reduces maintenance by acting asa 
shock-absorber to impact 
shocks and digging stresses from 
being transferred to the mechanism 
or cables and reduces vibration. 


9) DYE PENETRANT: This method of 
inspection for every kind of metal 
is described in a new circular issued 
by Dy-Chek Co., Div. Northrop Air- 
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craft, Inc. Dy-Chek is used on all 
metals such as nickel, steel, copper, 
brass, cobalt, aluminum, titanium, 
magnesium on various parts where 
surface testing is required. 


10) GAS DETECTOR: Made especially 
for use in plants where inflam- 
mable solvents or gases are present 
this instrument registers the air- 
vapor ratio at all times. A brochure 
distributed by Lor-Ann Instrument 
Co. describes and illustrates it. A 
table is given partially listing gases 
that are used industrially. It can 
be made to shut off spark giving 
apparatus, start emergency ventila- 
tion and open valves of neutraliz- 
ing gas. 


11) CARBIDE BITS: A 20-page booklet 
offered by Rock Bit Sales & Service 
Co. shows how to successfully re- 
condition tungsten-carbide bits. It 
contains helpful operating sugges- 
tions for drillers on how to obtain 
maximum speed and footage out of 
carbide bits, and illustrates the cor- 
rect way to grind chisel bits and 
cross bits. 


12) SPEED REDUCERS: BulletinG-WBV 
describes how IMO-De Laval worm 
gears are manufactured. Available 
from De Laval Steam Turbine Co. 
it lists types of speed reducers, se- 
lection tables, hp ratings, and di- 
mension tables. Diagrammatic 
sketches illustrate the various mod- 
els available. 


13) TURBINE PUMPS: Construction 
details, various types of drive and 
typical installations of deep well 
turbine pumps manufactured by 
the Deming Co. are illustrated in 
dulletin 4700. They are used in ir- 
rigation systems, mine dewatering, 
sump pumping service, and loading 
tank cars. These pumps are fur- 
nished for wells with ID of 4 in. or 
larger. Capacities vary from 12 to 
3000 gpm. 


14) RESEARCH & TESTING: The basic 
industries’ commercial research and 
testing facilities used in fields or 
minerals’ beneficiation and commu- 
nition, oil extraction, and others 
are described in a new brochure re- 
leased by Allis-Chalmers Mfg. Co. 
It carries a cross-section of labora- 
tory investigations conducted and 
of industries served. 


15) CONVEYING SYSTEMS: Convair 
Corp. has issued booklet 103 describ- 
ing its line of pneumatic conveying 
systems for use in all industries. 
These systems handle materials 
ranging from 800 mesh to lumps up 
to 8 in. in size and up to 350 lb per 
cu ft in weight. Diagrams illustrate 
the setups for various firms that 
use the systems. 


16) EARTHMOVERS: A new illustrated 
catalog has been published by the 
Warner & Swasey Co. covering the 
recently introduced model Gradall 
earthmovers. The catalog describes 
the machine's operation, lists speci- 
fications and illustrates it at work 
on a variety of jobs. 


17) JAW CRUSHERS: The advanced 
design characteristics of Traylor 
Engineering & Mfg. Co. crusher 
jaws result in greater crushing ef- 
ficiency. Bulletin 1123 describes the 
many advantages of using crushers 
with curved jaws. The frame of 
Meehanite metal is of box section 
design and provides maximum 
strength per lb. 


18) BLASTING CAPS: A 12-page book- 
let issued by Hercules Powder Co 
gives all the details for using short 
delay No-Vent caps. They are used 
in underground mines, open-pit 
mines, coal stripping and construc- 
tion, to mention just a few. 


19) ROCKER SHOVEL: A brochure in 
color describes Eimco’s model 104 
Rocker-Shovel for use in sand and 
gravel. It is efficient for bulldozing 
sand, carrying and loading rock, 
gravel and other bulk materials 
The model is available with diesel 
engine or electric motive power. It 
can be used to carry the load di- 
rectly to the conveyor hopper, or 
trucks can be used. 


20) PROCESS PUMPS: Worthington 
Pump & Machinery Corp. has pub- 
lished catalog W-341-Bl14 describ- 
ing type HM process pumps. Sec- 
tional drawings of the vertically- 
split, single-stage, volute centrifu- 
gal process pump are shown. It is 
capable of pressures up to 450 psi 
and will withstand temperatures up 
to 500 F. 


21) EXCAVATORS: Over 65 years of 
designing and building materials 
handling equipment is behind the 
model 255-A described in bulletin 
X71-3 available from Harnischfeger 
Corp. It is possible to make con- 
versions right in the field for serv- 
ice as shovel, dragline, clamshell, 
crane or trench hoe. The mode! is 
available in six types of service. 


22) HOSE COUPLINGS: BF. Goodrich 
Co. has published a 12-page catalog 
section on hose couplings and fit- 
tings of various types. Details and 
pictures, specifications, general and 
maximum pressure recommenda- 
tions, and a description of threads 
are included. 


23) REFRACTORY CONCRETE: A re- 
vised edition of the booklet con- 
taining the latest information on 
refractory and heat-resistant con- 


crete may be obtained from Lum- 
nite Div., Universal Atlas Cement 
Co. Coal bins and hoppers, kiln, 
kiln car tops, stacks, and chimneys 
are but a few of the industrial ap- 
plications for this concrete. 


24) AIR DRILL: Because of the small 
size and light weight of this drill, it 
may be set up quickly and drilling 
started as soon as the motor is con- 
nected to the air line. Bulletin 
sheet 80 briefly describes this EZ. J. 
Longyear drill. 


25) CHAINS: A booklet containing 
well over 200 pages is offered by 
Wilmot Engineering Co. describing 
rivetless chains, conveyors, eleva- 
tors, pinions, sprockets and many 
other attachments. Bulletin C-461 
is well illustrated with pictures, di- 
agrams, cross-sectionals, and tables 
containing pertinent data. 


26) BOTTOM-DUMP TRUCKS: Designed 
and built for off-the-highway haul- 
ing, Euclid Road Machinery bottom- 
dumps are described in a catalog 
which illustrates the improvements 
made. Closely hinged inside hop- 
per doors when loading heavy exca- 
vation and cast steel hinges are 
just two of the advantages of these 
trucks. 


27) CYANIDATION: Minera! Dressing 
Notes, No. 17 offered by American 
Cyanamid Co. is entitled “Chemistry 
of Cyanidation.” A 40-page booklet, 
it is divided into four sections 
Fundamentals of cyanidation, zinc 
in cyanidation, copper in cyanida- 
tion, and iron in cyanidation. 


28) MINE CARS: The many types of 
cars, trucks, chilled tread wheels 
and repair parts are all described 
with illustrations in this booklet 
available from American Car & 
Foundry Co. A diagrammatic sketch 
illustrates the spring bumper ar- 
rangement 


29) FANS: A new engineering data 
book giving dimensions, perform- 
ance, and prices on all types and 
sizes of fans is now obtainable from 
Chelsea Fan & Blower Co., Inc. In- 
dustrial pressure fans, duct booster 
fans, and automatic counter bal- 
anced shutters are just a few of 
the items discussed 


30) TRAMDRILLS: Single and double 
arm types are illustrated in dimen- 
sional drawings in bulletin SP-3004 
distributed by Chicago Pneumatic 
Tool Co. The arm unit is mounted 
on roller bearings, making it pos- 
sible to swing the arm 120° hori- 
zontally at floor level. Many other 
advantages are shown. 
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The Institute offers the second, completely 


twelve years the leader in its field 


| revised, edition of this famed volume, for 


Industrial Minerals and Rocks 


‘Nonmetallics other than Fuels 


One of the "100 Essential Titles" among 
Technical Books published in 1949-50, 
says R. R. Hawkins, chief of the Science 
and Technology Division, N. Y. Public 
Library, in the “Library Journal” for 
May 15, 1950. 


Sillimanite Group—Andalusite, Kyanite, Sillimanite, 


Dumortierite, Topaz. 
Natural Sodium Carbonate and Sodium Sulphate 
Nitrates and Nitrog Pp s 
Magnesite and Related Minerals 
Secondary Fertilizer Minerals 
Tale and Ground Soapstone 
Heat and Sound Insulators 
Minor Industrial Minerals 
Fluorspar and Cryolite 
Sulphur and Pyrites 
Pumice and Pumicite 
Chalk and Whiting 
Strontium Minerals 
Borax and Borates 
Mineral Pigments 
Lithium Minerals 
Cement Materials 
Native Bitumens 
Mineral Fillers 
Precious Stones 
Sand and Gravel 
Barium Minerals 
Dimension Stone 
Bleaching Clay 
Phosph. te Rock 
Quartz Crystal 
Manganese Ore 
Crushed Stone 
Special Sands 
Pyrophyllite 
Refractories 
Vermiculite 
Diatomite 
Bentonite 
Abrasives 
Asbestos 
Chromite 
Feldspar 
Granules 
Graphite 
Monazite 


Titanium 

Tripoli Order now! 
Bauxite 

Gypsum AIME Members 
Potash Nonmembers 
Slate 


Fifty cents ex outside of 
Clay 


Lime 
Mica 
Salt 


$4.90 
7.00 


the U.S. 
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Fifty-four authors, fifty-one articles — 
completely revised and incorporating 
technical developments of the past 


decade. 1156 pages of authoritative 
information. 


Industrial Minerals and Rocks is a “must” book 
for the modern engineer. Publication of this 
second, completely revised, 1156-page edition ac- 
cents our present-day realization of the fact 
that young engineers with specific training in 
the field are now much in demand. 


In twelve successful years, during which this 
volume has won wide acceptance in industry 
and in college classrooms all over the world, 
many technologic changes have taken place, and 
these changes, as well as late statistical infor- 
mation, have now been included. 


The volume is the latest addition to those 
sponsored by the Seeley W. Mudd Memorial 
Fund of the AIME. Samuel H. Dolbear and 
Oliver Bowles headed the ten-man editorial 
board which carried out the painstaking work 
of preparing and editing the voluminous material 


Industrial Minerals and Rocks is a book of 
permanent value for those engaged in the pro- 
duction of industrial minerals, and for students 
and engineers who realize the opportunities in- 
herent in a knowledge of these subjects. 


Publications Department, AIME 
29 West 39 St. 
New York 18, N.Y. 


Please send me 
| enclose check money order [_] for $ 
Name 

Title 

Company 

Address 


copies of “Industrial Minerals and Rocks.” 
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The Use of Spiral Classifiers as Ball Mill Feeders 


by T. C. King 


Fig. 1—Diagram of 24-in. spiral 
classifier used to feed wet sand 
from storage. 


EXCESS WATER 
OVERFLOWS 


WEIR 


T the new Graham-Central Mill of Eagle-Picher, 

near Galena, Ill., material is simultaneously 
dewatered and introduced into the ball-mill scoop 
boxes by the use of variable-speed, 24-in. spiral 
classifiers. This arrangement has proved satisfactory 
in that the moisture content of the wet feed is re- 
duced, thus allowing maintenance of density within 
the mills, and a constant feed at any desired rate to 
the mills is provided. 

In this mill the primary feed is wet crushed to 
minus '2 in. and preconcentrated by jigs to produce 
a bulk lead-zinc-iron concentrate and a waste tail- 
ing. The jig concentrate is then dewatered by a con- 
ventional dewatering classifier and stored in bins 
ahead of the ball mills. Even though this material is 
well dewatered, the discharge at the bin bottom is 
sloppy because of the gradual drainage of the water 
from the surface of the particles. Conventional belt 
feeders with vertical cutoff gates are unsatisfactory 
because of the flushing characteristic of the wet 
sand. 

The new installation employs 24 in. x 10 ft, 9-in. 
Simplex double-pitch spiral classifiers for feeders 
from the bin bottoms to the ball mill scoop boxes 
(fig. 1). These units are arranged with straight tanks 


WATER ADDED 


Feed Entrance 
below wateron 


rising side 
ang of spiral, VARIABLE SPEED 


ORIVE 
scoop || 
BOX |} 
SAND | 


MILL 


and are driven by 5 hp motors through a U. S. Vari- 
Drive to provide a 4 to 1 speed ratio 

Each bin discharges through a chute into the 
rising side of the spiral. The flushing characteristic 
of the material from the bottom of the bin is utilized 
to maintain a steady feed. A small amount of water 
tapped into the bottom of the bin insures uniform 
feed to the classifier. Excess clear water drains over 
the weirs. 

Feed rate to the mills is controlled by the variable- 
speed drives. The feed delivered by the spiral at a 
given speed setting is relatively dry, uniform, and 
steady, and as such is easily controlled by the opera- 
tor. The classifiers are set on a pitch of 5 in. per ft 
and have a sand-raking capacity of from 8 to 32 
tons per hr. 

It is believed that the solution of this problem 
offers possibilities for the storage of deslimed rod- 
mill sands and other similar products of the indus- 
try. 


T. C. KING, Junior Member AIME, is Metallurgist, 
Eagle-Picher Mining and Smelting Co., Miami, Okla 

AIME Columbus Meeting, September 1949 

TP 2873 B. Discussion (2 copies) may be sent to 
Transactions AIME before Oct. 31, 1950 


Manuscript 
received September 9, 1949 
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The Action of Sulphide lon and of Metal Salts on the Dissolution of 
Gold in Cyanide Solutions 


by C. G. Fink 


and G. L. Putnam 


The dissolution of gold by cyanide solutions was studied by de- 
termining the time required for the solvents to dissolve gold leaf. 
Minute traces, even 0.5 ppm, of sulphide ion retard the dissolution 
of gold, and this behavior cannot be accounted for by the presently 
accepted hypotheses involving oxygen-depletion or thiocyanate for- 
mation. On the other hand, traces of the salts of lead, bismuth, 
mercury, and thallium considerably accelerate the dissolution. The 
beneficial effect of lead is dependent upon the pH and cyanide ion 

concentration of the solution. 


LTHOUGH cyanide solvents are used very ex- 

tensively for the recovery of gold from ores 
and concentrates, the normal rate of solution of the 
precious metal as determined by Barsky, Swainson, 
and Hedley,’ and others’ is less than about 3 mg per 
sq cm of exposed gold surface per hour, correspond- 
ing to a corrosion depth of approximately 1.5 mi- 
crons (0.00006 in.) per hr. Although the slow 
rate may be increased to some extent in certain 
cases, as, for example, when the the gold is partially 
imbedded in iron pyrites,” the leaching operation 
is generally the most time-consuming step of the 
cyanide process. 

Frequently it is necessary for the leaching sol- 
vents to remain in contact with the ores for 50 to 
200 hr in order to dissolve all of the gold particles.* 
Not only does the slow solution rate cause some in- 
crease in the capital costs, but the cyanide consump- 
tion also may be increased because of vaporization 
of hydrocyanic acid and secondary reactions with 
minerals such as malachite (CuCO, - Cu(OH).), and 
pyrrhotite, which often are associated with gold. It 
is not surprising that numerous attempts have been 
made to accelerate the dissolution of gold in cyanide 
solutions. 

Experimental 

Gold Leaf Test: The gold leaf test was apparently 
originated by M. Faraday, who, by means of it, dis- 
covered that dilute cyanide solutions would dissolve 
gold readily in the presence of oxygen. The useful- 
ness and reliability of the test have been discussed 
elsewhere. * Essentially, the method consists of de- 
termining the time required for 5-ml portions of 
cyanide solvents to dissolve squares of 23 carat gold 
leaf, 0.5 ecm on edge, when shaken in 10-m1 test 
tubes with the solvents. The weight of gold leaf 
per test was 0.051 mg as determined by the direct 
weighing of a leaf 8.6x8.6 cm (weight 15 mg) 
and measuring the area of the test sample (0.25 sq 
em). Gold leaf is of remarkably uniform thickness. 
Since gold leaf, like native gold, contains small 
amounts of copper and silver, the results are com- 
parable with those one might expect in cyaniding 
gold ores. As six or more tests can be made simul- 


952—MINING ENGINEERING, SEPTEMBER 1950, TRANSACTIONS AIME, VOL. 187 


taneously, the relative efficiencies of the solvents 
can be evaluated readily. 

All dilute solutions of lead, bismuth, thallium, 
and mercury salts were prepared by the ordinary 
dilution method used by chemists. Our C.P. sodium 
cyanide and buffering reagents had no detectable 
amounts of either sulphide ion or heavy metals. 


Soluble Sulphides in the Cyanide Process: The 
action of soluble sulphides is of interest in the 
study of the dissolution of gold in cyanide solutions. 
That gold ores which contain compounds of arsenic 
and antimony often are not amenable to direct 
cyanide treatment is well known, and it said that 
arsenic and antimony are “cyanicides.”” It is com- 
monly believed that part of the sulphur content of 
such ores is soluble in alkaline solutions to give 
sulphide ion, which reacts with the free cyanide 
content of the leaching solutions to form inert thio- 
cyanates or reacts with the dissolved oxygen to 
form sulphites or sulphates. A purpose of this 
paper is to demonstrate that sulphide ion may be- 
have in a manner that cannot be explained by either 
the oxygen-depletion or thiocyanate formation 
theories and to prove directly that concentrations 
of sulphide ion which cannot be detected even by 
colorimetric methods may retard the dissolution of 
gold. 

C. G. FINK, Member AIME, is Professor Emeritus, 
Department of Chemical Engineering, Columbia Uni- 
versity, New York, N. Y., and G. L. PUTNAM is Re- 
search Associate, Department of Chemical Engineering, 
University of Washington, Seattle, Wash. 

A part of this paper is part of a dissertation sub- 
mitted in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy, Columbia Univer- 
sity. 

This paper is one of a series of publications dealing 
with the applied chemistry of gole (cf. ref. 5, 6, 7, and 
U. S. Patents 2,283,196 and 2,283,198). Other papers 
are in preparation. 

AIME New York Meeting, February 1950. 

TP 2901 B. Discussion (2 copies) may be sent to 
Transactions AIME before Oct. 31, 1950. Manuscript 
received March 9, 1949; revision received April 10, 1950. 
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Courtney and Maguire’ have studied the effect 
of sodium sulphide on the extraction of gold from 
its ores by solvents containing 3.1 g of sodium cy- 
anide per liter. They gave no hypothesis to account 
for their observations, and the concentrations of 
sulphide ion in their solvents all exceeded 600 mg 
per liter. 

Solvents were prepared which contained, per 
liter, 1.0 g of sodium cyanide, 10.6 g of sodium 
carbonate, 8.40 g of sodium bicarbonate, and vari- 
able amounts of sodium sulphide. The carbonate 
and bicarbonate are inert’” and were added to 
maintain a constant pH. When the efficiencies of 
the solvents were compared by the gold leaf method, 
the results shown in fig. 1 were obtained. It is 
noted that less than 0.50 mg of sulphide ion per 
liter is required to retard appreciably the dissolu- 
tion of gold leaf. To oxidize this concentration of 
sulphide ion to sulphate, 1.00 mg of oxygen per 
liter would be required; yet cyanide solutions satu- 
rated with air at 25°C contain about 8 mg of oxygen 
per liter, and the oxygen solubility is not decreased 
by small percentages of dissolved salts. Moreover, 
the oxygen contents of the solutions would have 
been brought rapidly to saturation by the agitation 
of the test tube. With regard to thiocyanate forma- 
tion, this factor could have accounted for the loss 
of only 1.6 mg of sodium cyanide per liter from 
1000 mg, and we have confirmed the fact that 
sodium thiocyanate” “ does not retard the dissolu- 
tion of gold. 

It must be clear, therefore, that neither the oxy- 
gen-depletion nor the thiocyanate-formation theo- 
ries can explain the behavior of sulphide ion. An 
important factor involved may be adsorption of 
sulphide ion by the gold at the metal-solution 
interface, thereby protecting the metal from corro- 
sion by the solutions. Sulphides are harmful at 
concentrations below the ranges of the usual colori- 
metric methods. 

Metal Salts in the Cyanide Process: The litera- 
ture on the subject may be summarized as follows: 

Lead Salts: According to Haden,” the use of lead 
compounds in large-scale operations at the Morro 
(Brazil) gold mine has permitted increased gold 
recoveries because of the buffering action of lead 
hydroxide and control thereby of the pH. But Haden 
overlooked the valuable accelerating effect of lead 


Table L. Effect of Lead Nitrate on the Dissolution 
Velocity of Gold Leaf in Saturated Calcium Hydroxide 
Solutions of Sodium Cyanide 


Mg of lead nitrate per 
liter of solution 500 100 


Seconds time required 
to dissolve gold leaf 1,800 1,260 


Table Il. Effect of Cyanide Concentration on the Dis- 
solution of Gold Leaf in Sodium Carbonate-Lead 
Nitrate Solutions 


Seconds Time 
Required to 
Dissolve Gold 
of Soluti Leaf 


220 


NaCN per liter 
zy NaCN + 10 mg of Pb (NOs)» per liter 130 
N 


NaCN per liter 210 
NaCN +10 mg of Pb (NOs). per liter 100 


NaCN per liter 200 
NaCN + 10 mg of Pb (NOs), per liter 50 


° 


MINUTES TIME REQUIRED TO DISSOLVE GOLD LEAF 


0 
MILLIGRAMS OF SULFIDE ION PER LITER 
Fig. 1—Effect of sulphide ion on time required to 


dissolve gold leaf in a solution containing 1 g of 
sodium cyanide per liter. 


compounds on the dissolution of gold. Beyers* found 
that lead compounds render gold passive when the 
potassium cyanide concentration is below 0.08 pct 
And Leaver, Woolf, and Jackson” have reported 
that lead salts are very deleterious in lime-sodium 
cyanide solvents. The present study soon disclosed 
that these earlier investigators apparently over- 
looked the true function of the lead salts and the 
best operating conditions. 

Mercury Salts: The use of 5 to 10 mg per liter 
of mercuric salts as “oxidizing agents” in the cy- 
anide process was patented in 1934 by Dowsett and 
John.” Keith (cited by Beyers’) found that mercury 
salts to the extent of 50 mg of mercury per lixer of 
solution increased the rate of dissolution of gold 
Keith (1890) believed that the mercury acted as an 
oxygen carrier by being redissolved continuously 
by the cyanide solution and precipitated by the gold 


Bismuth and Thallium Salts: No one has shown 
that these salts will accelerate the dissolution of 
gold under any conditions. 

Recorded below are observations on the behavior 
of various metal salts on the time required to dis- 
solve gold leaf. The results indicate that there are 
several metal salts, in concentrations of 1 to 40 mg 
per liter, which decrease the time required for cy- 
anide solutions to dissolve gold leaf down to 0.5 
to 0.032 of the time required in the absence of these 
metal salts. 

Effect of Lead Nitrate Concentration: A solution 
was prepared which contained, per liter, 1.0 g of 
sodium cyanide, 1.06 g of sodium carbonate, and 
0.84 g of sodium bicarbonate. The pH of this 
strongly buffered* solution is 9.9." The results are 

*The Elsner equation’* for the dissolution of gold in sodium 
cyanide is: 4Au 2H O, + 8 KCN 4KAui(CN 4KOH 
Consequently, the pH of an unbuffered cyanide solution dissolving 


gold does not remain constant. The sodium carbonates have no 
appreciable effect on the rate of dissolution of gold 


plotted in fig. 2. 

Referring to fig. 2, 0.1 mg of lead nitrate was 
used per liter of cyanide solution, and the time re- 
quired to dissolve the gold leaf was reduced more 
than 30 pct. In the 5 ml of cyanide solution used in 
the test, there was 0.0005 mg of lead nitrate. Ac- 
cordingly, 0.0005 mg of lead nitrate will accelerate 
the dissolution of 0.051 mg, or over 100 times its 
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SECONDS TIME REQUIRED TO DISSOLVE GOLD LEAF 


MILLIGRAMS OF LEAD NITRATE PER LITER 
Fig. 2—Effect of lead nitrate on time required to 
dissolve gold leaf in sodium carbonate solutions 
containing 1 g of sodium cyanide per liter. 


weight of gold. The observed acceleration cannot 
be attributed to the oxidizing power of the lead ion. 

Effects of Calcium Hydroxide and of Sodium Car- 
bonate on the Accelerating Effect of Lead Nitrate: 
A solution of 1.0 g of sodium cyanide in one liter 
of saturated limewater was prepared. The pH of 
this solution was about 12.7." The results obtained 
when lead nitrate was added to this saturated solu- 
tion of calcium hydroxide are shown in table I. 

It is evident that in limewater solutions the ad- 
dition of lead nitrate does not accelerate the dis- 
solution of gold leaf. Quite the contrary, the lead 


compound increases the inhibiting effect’ of calcium 


hydroxide. This is in accord with the reports of 
Leaver, Woolf, and Jackson" concerning the dele- 
terious effect of soluble lead compounds in lime 
solutions. 

The effect of increasing the sodium cyanide con- 
centration in a limewater solution containing 10 mg 
of lead nitrate per liter was tested next. Referring 
to fig. 3, it is evident that the higher the cyanide 
concentration, the faster the gold leaf dissolves. 

Effect of Sodium Cyanide Concentration on Dis- 
solution of Gold Leaf in Sodium Carbonate Solu- 
tions: Tests were made next with a solution of 
somewhat lower pH (table II). All solutions were 
0.02 mol (2.12 g per liter) with respect to sodium 
carbonate, and to alternate tests 10 mg of lead 
nitrate were added per liter of solution. The pH of 
0.02 mol sodium carbonate is approximately 11.5. 

Table II shows that when lead nitrate is absent, 
change in the sodium cyanide concentration has 
little effect on the dissolution of gold leaf, and this is 
in accord with experiments of MacLaurin.” In the 
presence of lead nitrate, however, the sodium cy- 
anide concentration has a very marked effect on the 
time required to dissolve gold leaf. 

Effect of the pH of the Cyanide Solution: Al- 
though the accelerating effect of lead compounds 
had been definitely established in the case of sodium 
carbonate-sodium cyanide solutions, the results 
with the limewater cyanide solutions (fig. 3) re- 
quired further study to account for the absence of 
the accelerating effect due to lead. It may be calcu- 
lated that the solutions had a pH ranging between 
12.3 and 12.6" and it was suspected that the high 
pH was to blame. Tests with sodium hydroxide in 


place of limewater supported this hypothesis—lead 
nitrate had no accelerating effect in sodium hy- 
droxide-sodium cyanide solutions. An upper limit 
in pH of about 12 was established beyond which 
there was no acceleration in the dissolution of gold 
leaf in solutions containing 1.0 g of sodium cyanide 
per liter. The more dilute (less than 2 g per liter) 
solutions of sodium cyanide are the only solutions 
which are of interest from an industrial viewpoint. 

With this upper limit of a pH of 12 in mind, a 
series of experiments with strongly buffered cyanide 
solutions of lower pH were made, the values being 
estimated from tables compiled by Kolthoff and 
Rosenblum.” That the buffering agents used have 
no affect on the dissolution of gold has been shown 
by other workers and has been confirmed by 
applying the gold leaf solution method. The use of 
buffering agents was chosen in preference to other 
methods for three reasons: 

1. Measurements with the antimony electrode 
are vitiated by the presence of traces of metals 
which the antimony is capable of displacing. As 
little as 0.1 mg of copper per liter, for example, 
may be a source of great error.” 

2. In the absence of buffering agents, the pH of 
a cyanide solution dissolving gold rises as the gold 
dissolves, in accordance with the Elsner equation: 

4 Au + 8 KCN + O, 2 H.O = 4 KAu(CN), 

4 KOH. 


3. Because of the high pH of our solutions and 
the presence of sodium salts, the glass electrode 
method was not believed applicable for our purpose. 

Table III indicates that lead is effective over the 
pH range of 8.0 to more than 9.9. Without lead 
nitrate additions, as recorded in table II, the dis- 
solution time was about 200 sec. 

Table III indicates that the effective pH range for 
mercury is 7.6 to more than 14. In other tests, not 
shown, it was found that the effective concentration 
of mercury, as mercuric chloride, is from less than 
0.1 mg to more than 50 mg per liter. 

Salts of bismuth and thallium were likewise 
found to have a marked accelerating effect. The 
results of table IV were obtained with a solution 
containing 1.0 g of sodium cyanide per liter. 

Table IV indicates that bismuth and thallium 
compounds accelerate the dissolution of gold. 


Fig. 3—Effect 
of sodium cya- 
nide concentra- 
tion on time re- 
quired to dis- 
solve gold leaf 
in lime water 
containing 10 
mg of lead ni- 
traie per liter. 
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Table III. Dissolution of Gold Leaf in Buffered Cyanide 
Containing Lead Nitrate and Mercuric Chloride 


Seconds Time 
Required te 
Dissolve Gold 
Leaf in the 
Presence of 


Cencentrations in Grams per 

Liter, of Salts in Buffered Esti- 
Selutions Containing 1.0 G mated 
of Sedium Cyanide per Liter pH 


10 Mg of 10 Mg of 
PbINO»)> per 
per Liter Liter 


40 g NaOH 

10.6 NasCOs + 
3.71 + 
4.95 g 

12.4 g HsBOs + 
21.4 @ NasHPO, + 


Many other metal salts, including those of zinc, 
cadmium, copper, tin, and magnesium, have been 
investigated. The salts of only four metals, lead, 
bismuth, mercury, and thallium, have been found 
effective. 

Discussion of Results 


Calculations of electrode potentials in cyanide 
solutions’ show that gold metal can actually dis- 
place the ions of lead, bismuth, mercury, and 
thallium under all conditions that might obtain in 
cyanide practice. Of the common metals, only these 
four metals are more noble than gold in cyanide 
solutions. Lead ion is most readily displaced by 
gold in the pH range of 8 to 12; at higher and lower 
pH, the electrode potential of lead approaches that 
of gold in cyanide solutions.” At pH of less than 8, 
the cyanide ion concentration becomes very small; 
at high pH, the lead ion concentration decreases. 
Perhaps gold dissolves more rapidly because its 
surface character is altered by alloying with the 
displaced metals. Putnam” showed that zinc would 
alloy with displaced copper at room temperature, 
and the diffusion of gold into lead at room tempera- 
ture is well known. The obvious voltaic couple ex- 
planation (i.e., the action of copper in promoting 
the solution of zinc in acid) is not believed applica- 
ble in this case. If diffusion of oxygen to the gold- 
solution interface, not the kinetics of the reaction, 
were the controlling factor, a small deposit of metal 
would not alter the rate of solution, as is proved by 
the film theory of chemical engineering.” The 
kinetics of the surface reaction probably control, 
and the displaced metals probably cause, accelera- 
tion of the rate-controlling reaction at the gold- 
solution interface. 


Conclusions 


1. Sulphide ion, even at concentrations below 
0.5 mg per liter, may have a definite retarding 
effect on the dissolution of gold leaf, and this here- 
tofore unknown deleterious action of minute traces 
(less than 1 mg per liter) of sulphide ion cannot be 
accounted for by either the oxygen-depletion or 
thiocyanate-formation theories. It is believed that 
the formation of an insoluble aurous sulphide film 
on the surface of the gold is responsible for the 
behavior of sulphide ion in protecting the gold from 
corrosion. 

2. Salts of the four metals, lead, bismuth, mer- 
cury, and thallium, were found to decrease greatly 
the time required for sodium cyanide solutions to 
dissolve gold leaf. In some instances, less than 1 
ppm (1 mg per liter) of metal salt had a definite 
effect. 


Table IV. Acceleration of Dissolution of Gold with 
Salts of Bismuth and Thallium 


! 
Seconds Time 


Required te Dissolve 
Geld Leaf, Sec 


! 
Mg of Salt Added 
per Liter of Selution 


Satd. 
CaO), Na CO, 


No salts of bismuth or thallium 
TICI, 40 mg per liter 

TICI, 300 mg per liter 

TICls, 40 mg per liter 

TICls, 300 mg per liter 

Bit NOs)», 30 mg per liter 

Bit NOs)», 300 mg per liter 


3. The beneficial effect is apparently limited to 
these four metals. 

4. In the case of lead nitrate, increase in the 
sodium cyanide concentration above 0.2 g per liter 
increases the rate of dissolution of gold leaf in cal- 
cium hydroxide and in sodium carbonate solutions. 
The optimum pH range is about 8 to 11.5. 

5. A lower limiting concentration of contact 
metal ion is necessary to bring about the accelerat- 
ing effect. Thus, if the pH of the cyanide solution is 
above about 11.5, the lead ion concentration is too 
low to be effective. Similarly, the effect disappears 
if the cyanide ion concentration is too low. 
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The Cleaning of Fine Sizes 
Of Bituminous Coals 
By Concentrating Tables 


7 
Zimmerman 


Wide attention is being placed upon various 
methods for cleaning the fine sizes of bituminous 
coals. The author describes and analyzes the re- 
sults achieved on wet concentroting tables of 
modern design on unclassified feeds of —!'2 in. 
particle sizes, including tests on high-sulphur coals. 


HE increased economic necessity of cleaning the 

small sizes of coal has forced wide attention 
upon various methods or processes being used. Al- 
though numerous cleaning plants in the past have 
been cleaning coal smaller than % or *%s in., the 
large quantities of higher ash fines being produced 
by mechanical mining and the need for cleaner coal 
under competitive market conditions have brought 
about many new installations of fine-coal cleaning 
plants. 

Of various methods used, one of the more popular 
types is the wet concentrating table. Approximately 
525 tables have been installed in the United States 
in the past four years of which 320 have been in- 
stalled in 20, large new plants. There are now 
probably 1600 tables of all types in existence in 
this country for cleaning coal. 

The purpose of this paper is to describe the clean- 
ing of fine coal by wet concentrating tables. Its 
scope is confined to a discussion of the theory of 
tabling and some of the factors entering into tabling 
action, a description of the Deister SuperDuty 
diagonal-deck coal table and a discussion of the 
results of tabling various fine sizes of coals. Al- 
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though tables have been used for cleaning coal as 
coarse as 2 in. and favorable results are reported, 
this paper is limited to reporting on the results of 
cleaning coal fines from % in. down. Also, although 
it is well known that the performance of tables is 
even superior under classified or closely sized feed 
conditions, this paper concerns itself with the results 
achieved by tabling unclassified feeds. 


History of Wet Concentrating Tables 


The wet concentration of minerals by some form 
of tabling is quite old, starting originally from fixed, 
smooth surfaced, tilted boards taking advantage of 
the laminar flow of liquid films and the separation 
of minerals according to specific gravity. This was 
followed by the development of rough deck surfaces 
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induced by grooves or riffles and by the final 
achievement of adding a reciprocating action or 
differential motion to the table deck. 

The development of tables occurred first in the 
separation of minerals other than coal, particularly 
in the concentration of heavy metallic minerals. 
There is an endless variety and, like other proc- 
esses, it has required lengthy periods of evolution 
before achieving its final efficient form. Ore dress- 
ing men are familiar with the application of the 
early vanners, circular stationary Linkenbach tables, 
multiple round tables such as the Anaconda-Evans, 
and bumping or shaking tables such as the Rittinger 
or the Gilpin County concentrator.’ 

The advantage of some form of shaking motion 
was visualized early with the imparting of a recip- 
rocating or shaking action by means of eccentrics 
or cams and by supporting the table deck on stilts or 
from hangers. The advantage of a differential action 
was found. This was first induced by a bumping 
action against a “bumping block” and later by a 
differential head motion applied through various 
designs by means of pitman and toggle actuated 
through an eccentric or crank shaft. 

Some of the later designs of concentrating tables 
used in ore dressing are those of Garfield, Butchart, 
Deister-Overstrom, and Wilfley... The first record 
of tables being used for coal in the United States 
appears to be of the bumping type called the Camp- 
bell Bumping Table. It was described by Phillips in 
1893 when he wrote of the installation at Earling- 
ton, Ky.* 

Campbell Bumping Tables have been used for 
many years at the Rosedale Washery, Johnstown, 
Pa., and their use has been described by Richardson.‘ 

Practically all tables now used for coal cleaning 
use a driving mechanism, producing a differential 
motion, a rectangular or rhombohedral shaped deck, 
and some form of riffling on the deck surface. 
Possibly 95 pct of all tables being used for wet 
washing of coal in the United States are either the 
Deister SuperDuty diagonal-deck type or the Plat-0 
type. The former is the one most commonly used. 
Until 1940 tables were more widely used on an- 
thracite coals, but, with the current upswing of 
their use on bituminous coals, this condition has 
been reversed. For the past few years, ratio of 
placements have been approximately 3 to 1 in favor 
of bituminous coals. 


Theory of Tabling 


A great deal has been written concerning the 


theory of tabling and the various physical laws 
which enter into its operation.” ** Much more work 
has yet to be done in studying thoroughly the 
numerous variables that can be made in tabling 
and the interrelation of the physical laws that affect 
separation. 

Gaudin’s* mathematical analysis of flowing film 
concentration is of fundamental value and a worthy 


Fig. 3— Deister SuperDuty 
diagonal deck No. 7 coal 
washing table. 


contribution. His analysis pertains mostly to smooth 
deck surfaces and does not go into detail concerning 
the phenomena surrounding the use of riffles. Bird 
and Davis,* Yancey” and Gandrud’® have made valu- 
able contributions to the study of the various factors 
affecting tabling of coal. 

Separation of particles on a jtable deck is not 
merely the result of their differences in specific 
gravity, but rather there are numerous interrelated 
phenomena. A decided advantage of tabling over 
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Fig. 1—Natural path of particles on a table. 
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Fig. 2—Zones of separation on a table. 


some other known processes is the fact that a great 
many variables can be made to aid and assist in 
effective separation. 

Basically the separation of different minerals on 
a concentrating table are the result of the following 
factors: (1) Specific gravity of the particles, (2) size 
of particles, (3) shape of particles, (4) stratification 
(or consolidation trickling), and (5) hindered 
settling. 

The effective use of these factors may be con- 
trolled and aided by the following table adjust- 
ments: (1) Differential action of the drive or head 
motion, (2) speed of motion, (3) length of stroke, 
(4) side tilt, (5) end elevation, (6) size of deck area, 
(7) shape of deck, (8) character of deck surface, 
(9) riffle design, (10) amount and distribution of 
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Fig. 4—Plan view of Deister table uock. 


wash water, (11) feed water-solids ratio, (12) feed 
rate, and (13) feed uniformity. 

Concentrating tables are essentially a rectangular 
or rhombohedral shaped deck supported by suitable 
frame and bearings, generally sloping in the direc- 
tion of the short axis and usually tilted upwards 
at the refuse end of the long axis and differentially 
reciprocated in the direction of the long axis. 

This action of head motion tends to move the 
particles longitudinally towards the end of the table, 
while at right angles to this movement wash water 
is distributed along the high side of the table which 
tends to move particles down the slope parallel to 
the short axis of the table. Hence, the natural 
path of a particle on a concentrating table would 
be from the feed-box corner to the diagonally oppo- 
site corner of the deck as shown in fig. 1. 

There is a natural tendency for heavier particles 
to sink to the deck of the table and for lighter 
particles to stay nearer the surface. As a conse- 
quence, the heavier particles are carried farther 
along the longitudinal axis since, as they are on or 
near the surface of the deck, they are more affected 
by the reciprocating action of the table. The lighter 
particles, as they are at or near the top of the mov- 
ing bed or particles, travel slower in a longitudinal 
direction and thus become separated from the heavy 
particles. 

Wash water and the diluting water in the feed 
cause the movement of the lighter gravity particles 
down the short axis of the table. Thus the feed 
material fans out from the feed box, where it enters 
on to the table with heavy gravity particles moving 
in one direction and lighter particles moving in 
By proper adjustments of all the factors 
previously mentioned, a clear-cut separation is pos- 
sible between high and low-gravity particles, or 
between refuse and coal. 

Riffles are of great importance to tabling and are 
responsible for their considerably greater capacity 
over smooth decks and for greater accuracy of sepa- 
ration. Behind the riffles, particles are delayed in 
their downward movement along the slope of the 
deck. Hindered settling, consolidation trickling, and 


another 


other phenomena occur as the particles tumble over 
the riffles and stratification ensues. The heavier 
particles are settled to the deck of the table and 
trapped behind the riffles thus insuring their posi- 
tive movement in the direction of the end of the 
table. 

Since stratification and separation of particles are 
not complete as a result of any one riffle, a series 
of riffles are used, repeating the cycle of stratifica- 
tion and hindered settling from riffle to riffle, obtain- 
ing purer products as the particles fan out and 
progress forward and downward over the table. 

The smallest heaviest particles stratify themselves 
downward to the surface of the deck more quickly 
and are carried out by table movement toward the 
refuse end at a faster rate than coarse heavy par- 
ticles. Light-gravity larger pieces ride on the top 
layer of particles and flow on down the slope of the 
deck as a result of the cross flow of wash water at 
right angles to the shaking movement of the table. 
Heavy large particles settle down next to the fine 
heavy particles and are carried behind the riffles 
towards the longitudinal end but do not ride as high 
up the table as the heavy fine particles. 

There is a tendency for the fine or small size 
light-gravity particles to lie between the coarse 
heavy particles and work over into the zone with 
the coarse refuse, and, if the only separating action 
on a table were that of straight stratification, this 
would result in fine coal getting over into the refuse. 
Fortunately, however, hydraulic classification occurs 
under hindered settling conditions which tends to 
counteract this and by proper use of water dilution 
and wash water as weil as riffle design the small 
light particles of coal are washed off with coarse 
light particles or coarse coal.‘ 

When there is a definite clear-cut gravity differ- 
ence between coal and refuse, a wide size range or 
an unclassified feed may be treated very efficiently. 
When there is a large proportion of material inter- 
mediate in gravity between coal and refuse, the 
separation of an unsized feed will become increas- 
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Fig. 5—Comparison of diagonal deck with rectangular 
deck. 
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Fig. 6—Installation of Deister No. 7 coal washing 
tables in a modern coal washing plant. 


ingly difficult. Fig. 2 illustrates the zone where this 
material will fall. 

In only rare instances, on coals of very difficult 
cleaning characteristics, is it necessary to cut a mid- 
dling or a third product from a table. When it is 
done, these middlings are normally disposed of as 
a secondary fuel since little can be accomplished 
by retabling such material. 

The advantage of a classified feed where a large 
proportion of middlings or near gravity material 
exists is that the danger of having small light- 
gravity particles of coal get over into the refuse 
or middling zone vanishes. Sharper lines of demar- 
cation can be made, which result in very high effi- 
ciencies. B. M. Bird and H. F. Yancey" * have 
demonstrated many times the advantages of clas- 
sified feed to the tables where coal is difficult to 
treat because of high percentages of near gravity 
material or where middlings from another cleaning 
process are to be cleaned on tables 

For most coals, however, it has been demonstrated 
that under proper conditions of operation an un- 
classified feed may be used for cleaning sizes ranging 
from 1% in. to 0, and produce products containing 
relatively few misplaced particles. On the extreme 
fines, separation may be 
200-mesh with reasonably 
coveries on the 100x200-mesh sizes 

Brief mention should be made of the effect of 
particle shape in tabling. Generally speaking, flat 
particles have a tendency to pass over with the 
Flat particles adhere to the table and have 
a tendency to move along with 
particles. Fortunately, in most instances coal par- 
ticles are cubical or splintery and many refuse 
particles are naturally flat in shape. H. F. Yancey,” 
who conducted an investigation on the effect of 


effective on particles as 


small as efficient re- 


refuse. 
heavier gravity 


particles shape, states, however, that “shape of par- 
ticle is a factor of minor importance in tabling of 
most unsized coals insofar as the overall efficiency 
of the process is concerned.” 

An unmistakable advantage of a concentrating 
table which should be mentioned is that the pro- 


ducts being made are always visible. The operator 
can observe his refuse, clean coal, or middlings and 
can note quickly the effect of any change in feed 
conditions or table adjustments. 


Description of the Deister Diagonal-deck Table 

Although there are other wet concentrating tables 
in use, the writer's experience and test performance 
data concerns the Deister SuperDuty diagonal-deck 
table and a brief description of this particular table 
is in order. 

The current Deister table was developed from 
the widely used Deister-Overstrom diagonal-deck 
table. Improvements in design included greater 
ruggedness and Concenco Anti Friction Bearing 
Headmotion. This motion is similar in principle to 
the Overstrom, being of the pitman and toggle 
design, but it is of stronger construction with ball 
and roller bearings lubricated by a circulating oil 
system. The table most often used for coal cleaning 
is their No. 7, SuperDuty size, either linoleum or 
rubber covered and with wooden or rubber riffles 
The bulk of the recent tables are rubber covered 
with rubber riffles. 

Fig. 3 shows a photograph of the No. 7, coal wash- 
ing table. It can be made either right hand or left 
hand to suit conditions in the plant. The head 
motion can be operated from a line shaft with belt 
and pulley, but invariably new installations use the 
individual drives. The No. 7 table utilizes a 3-hp 
motor, although power consumption is seldom over 
2 hp. 

Fig. 4 shows the general dimensions and plan view 
of the coal washing table with one type of riffle 
pattern. Other riffle designs can be used. The most 
common are the line of motion type in which all 
the riffles are in a diagonal line parallel to the 
motion of the table. 

Riffllng is characterized by a large number of 
shallow riffles, interspersed with higher strips, which 
provide pools to settle finer sized particles. All 
rifles are high at the feed end and taper or feather 


Fig. 7—Closeup view of Deister table showing 
launder arrangements for handling products. 
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Fig. 8—Case study “A” washability of '4 in. x 0 
table feed and cumulative table products. 


towards the refuse end. The actual height of the 
rifles varies, depending on the sizes of coal being 
cleaned. The highest may reach 2 in. at the deep 
end. 

Feed mixed with water is fed into the feed box 
in the upper right hand corner of the table illus- 
trated in fig. 4. In addition to the water with the 
feed, water is also added at two points along the 
top edge of the table, where it runs through troughs 
equipped with adjustable louvers, permitting water 
to be distributed uniformly or in variable quanti- 
ties along the length of the deck. 

The table base is a pair of heavy parallel channels 
running diagonally to the opposite corner from the 
drive with the head motion and rocker arm mounted 
at one end on an extension of the channels. Another 
rocker and a helical compression spring are mounted 
at the other end of the channels. A subframe con- 
structed of lighter channels and beams supports the 
table deck. This subframe straddles the upper edges 
of the main channels resting on saddles at four 
points along its diagonal line, and the two outer 
corners rest on blocks of which the elevations are 
adjustable by oppositely facing wedges manipulated 
by hand wheel and spur gearings. Maximum tilt on 
the No. 7 table is approximately 8°. The tilting 
mechanism has an operating range of 3°, which may 
be employed in any portion of the overall range. 
End or longitudinal tilt is obtained by shimming up 
the main channel supports at the spring or refuse 
end. 

The table deck is built of cypress in strips laid 
diagonally to its framework. The deck is covered 
with either linoleum or rubber and riffles made of 
pine or hardwood tacked on, or if rubber riffles are 
used, glued on by a special rubber cement. 

The speed of the Concenco head motion may be 
varied from 250 to 300 rpm depending upon the 
type of coal being washed. Stroke length is also 
adjustable, generally between the range of 7/16 to 
1% in. 

End tilt or end elevation of the table may be 
anywhere from 0 to 12 in. For 144 to 0 coal one 
seldom operates higher than 3 in. The coarser the 


coal, the greater the end elevation. The side tilt, or 
slope, is adjusted by turning the hand wheel that 
operates the subframe tilting mechanism. One sel- 
dom operates at a greater slope than 6°. 

The amount of water required will vary with 
particle size and other characteristics of the coal 
and refuse. In most cases, feed is at approximately 
40 pct solids, and dressing water is added to bring 
the overall water to solids ratio to 2 to 1, by weight. 

As the name implies, the deck dimensions are 
diagonal or rhombohedral in shape. This has ad- 
vantages over the ordinary, rectangular shape. Fig. 
5 illustrates this point. Generally speaking, the area 
of a table actually occupied by the coal and refuse 
takes on the form of a diagonal band from the 
feed to the refuse or high-gravity end. This is 
illustrated in fig. 1, where the lines of force are 
shown, and in fig. 2, where the zones of various 
products are shown. 

Since the material tends to distribute in a diagonal 
direction, a table of the diagonal shape illustrated in 
fig. 5 more effectively uses deck area and can utilize 
more riffles, a desirable characteristic for higher 
tonnages, unclassified feed, and where there is a 
great deal of near gravity or middling material to 
be separated. 

Fig. 6 is a photograph of one of the more recent 
installations of Deister coal washing tables. At this 
plant they are cleaning %4 in. x 0 bituminous coal. 
Fig. 7 is a close-up photograph of one of the tables 
and shows launder arrangement for discharging 
products. 

The capacity of the No. 7 coal washing diagonal- 
deck table will vary with the type of feed, being 
greater for coarser particles (up to the practical 
size that can be treated) than for extreme fines, 
greater for classified feeds than for unclassified, 
and, as in all processes, greater for coals containing 
a minimum of near gravity material. 


Table I. Screen Sizes, Ash’ and Sulphur" of 
Feed to Deister Table 


Direct Cumulative 
Analysis, Analysis, 
Pet Pet 


wt Ash 


100.0 | 20.8 
19.5 


Cex 


100.0 20.8 


Yeon 


Analyses on “Dry Basis” 


Il. Case Study “A” Zone Analysis of Table 
Products from ‘4 in. x 9 Feed 
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On average Western Pennsylvania bituminous 
coals, capacities of 9 to 10 tph per table for % in. x 0 
size feed can very well be attained with excellent 
efficiencies. By increasing the maximum size to *s 
in., the feed rate can be raised to 12 tph. With a 
classified feed, that is where there is a close size 
range of particles, the table capacity may be sharply 
increased to as much as 15 to 25 tph or higher. B. M. 
Bird and H. F. Yancey state that “classification (of 
table feed) approximately doubles the capacity of 
the table while permitting efficiencies equal to those 
of unsized feeds.”’" 


Results of Test Data on Unclassified Table Feeds 


To study the results of cleaning the fine sizes of 
bituminous coal, particularly under unciassified feed 
conditions, numerous tests have been made under a 
wide variety of conditions on many different coals. 
To illustrate the performance of the Deister Super- 
Duty diagonal-deck coal washing table, test data on 
four different coals are presented for analysis. 

Since interest is also general concerning the effect 
of tabling coal of different size consists, the four 
case studies presented are tests of a wide variation 
of sizes. Examination of the washability curves and 
ash and sulphur analyses also show them to be 
considerably different from the viewpoint of their 
natural characteristics. For the sake of brevity, the 
numerous operating variables, such as table speed, 
stroke, side tilt, end elevation, solids-water ratio, 
etc. are not included in this paper. In general, it can 
be assumed that table settings were under optimum 
conditions. 


Case Study “A” 


The data shown under this study come from the 
testing of % in. x 0 Pittsburgh seam coal from 
Washington County, Pa. The table feed was obtained 
as a result of screening the run-of-mine coal on 
14-in. round hole screens. 

Zone samples were taken of the products from 
the table by marking off linear distances along the 
table, dividing it into 10 zones, with zones 1 through 
5 taken along the coal side and zones 6 through 10 
along the refuse end. In this particular test no par- 
ticles came over in zones 9 and 10, which are along 
the upper side of the refuse end. 

In sampling the zonal products, samples were 
taken simultaneously. A special zone sample cutter 
was arranged so that all the products from each 
zone were collected, each container being large 
enough to hold all the material passing into it. Each 
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Fig. 9—Case study “A” '% in. x 0 feed showing 
cumulative ash, yield, float-and-sink byproduct 
zones. 


zone’s product was then filtered, dried, and weighed. 
Table capacity calculated as 10.5 tph. 

Table I shows the size distribution of the feed to- 
gether with the ash and sulphur analyses of each 
size increment. Analyses are on a “dry” basis; sieve 
sizes are Tyler standard. One notes that this coal 
runs 20.8 pet ash and 1.50 pct total sulphur. 

It is a relatively coarse feed containing 19.2 pct 
of %x*%s in. and with 77.8 pct as +-14 mesh. The 
+-3, in. is the highest in ash, being 26.3 pct and the 
lowest in sulphur content, 1.39 pet. The middle sizes 
are the lowest in ash percent. 

Fig. 8, shows the washability curve of this feed, 
its +0.10 sp gr distribution, as well as a curve (2) 
indicating the cumulative ash yield of the zonal 
products from the table. One could term this coal a 
moderately difficult coal to clean. The specific gravity 
distribution curve indicates that any washing below 
1.50 sp gr would be difficult, the amount of near 
gravity material below 1.50 being quite high. 

Assuming the lower practical gravity of separa- 
tion as being 1.50, such a separation would give a 
theoretical ash in the clean coal product of 5.5 pet 
with a yield of 76.5 pet. At this same yield point the 
clean coal product of the table analyzed 6.4 pct. Also 
one observes that at 1.60 sp gr the cumulative zonal 


Table Ill. Float-and-Sink at 1.50 Sp Gr on Table 
Products ('% in. x 0), Case Study “A” 


Prod- ; Cum. Wt 
tog Float, Pet Sink, Pet Pet Sink 
Zone Wt, in 
Pet Product 
we Ash Sul. we Ash Sul. 


1 23.4 92.9 5.0 1.02 71 27.7 147 71 
2 16.5 98.7 47 1.11 1.3 36.7 2.84 47 
3 23.9 98.7 5.4 1.26 13 35.6 3.46 34 
4 15.4 91.1 62 1.40 8.9 36.3 3.76 44 
5 2.0 72.9 7.9 1.77 27.1 39.2 4.29 5.0 
6 19 30.7 7.6 1.63 69.3 56.7 3.54 54 
7 16.7 77 65 1.44 92.3 84.5 244 209 
8 


» Not enough sample in zone 8 for analysis at 1.50 
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Table IV. Float-and-Sink at 1.60 Sp Gr on Table 
Products ('% in. x 0), Case Study “A” 


Pred- Float, Pet Sink, Pet Cum, Wt 
uct, Pet Sink 

Zone Wt, in 
Pet we Ash Sul we Ash Sul. Product 


i 23.4 96.0 5.5 1.02 40 34.1 1.76 4.0 
2 16.5 99.2 48 1.11 0.8 “49 3.56 27 
3 23.9 99.5 56 1.27 o5 48.3 445 18 
4 15.4 95.0 71 1.49 5.0 42.6 4.91 24 
5 20 79.8 95 1.96 20.2 43.6 4.29 28 
i 19 36.9 10.9 1.99 63.1 59 6 3.52 42 
7 16.7 8.3 8.1 1.62 917 849 2.43 19.0 
8 02 


Total 


Not enough sample in zone 8 for analysis at 1.60 shows 97.5 
pet sink at 1.90 
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Fig. 10—Case study “B” washability of ', in. x 0 
table feed. 


curve approximates the theoretical curve almost 
perfectly. 

Table II gives the analyses of the table products 
by zones. The zone 1 product is somewhat higher 
ash than the next two consecutive zones. This is 
characteristic, as this first zone near the feed end 
contains some high-ash fines carried over by the 
feed water. 

The first five zones produced 81.2 pct of the 
product and ran 6.7 pct ash. The refuse, that is, the 
products from zones 6, 7 and 8, ran 74.8 pct ash. 

One realizes, of course, that the entire product on 
the long side of the table, generally called the “coal” 
side, does not have to be sluiced to clean coal. The 
products from the zones near the refuse can be 
directed to refuse or separated out as a third product. 

Although sulphur was not considered the major 
problem in this test, it is noted that the cumulative 
sulphur of zones 1 through 5 ran 1.28 pct, that from 
zones | through 3 ran 1.16 pet. The inherent sulphur 
of this particular coal is approximately 0.95 pct 

Tables III and IV show the results of float-and- 
sink analyses at 1.50 and 1.60 sp gr, respectively, of 
the various product zones. At 1.50 sp gr which, as 
has been pointed out previously, is the lower limit 
for practical washing, the first five product zones 
contain 5.0 pet sink. At 1.60 this is reduced to 2.8 
pet. 


Table V. Screen Size and Ash Analysis of ',; in. x 0 
Feed to Deister Table, Case Study “B” 


Direct, 
Pet 


Cumulative 


8.6 100.0 
Total 100.0 


Fig. 9 shows graphically the cumulative ash per- 
cent, yield percent and float-and-sink at 1.50 and 
1.60 sp gr for the products from the various zones 
along the table discharge, beginning with zone 1 and 
cumulating the products up through zone 8. 


Case Study “B” 


The data shown under this study are the results 
of testing ™%4 in. x 0 screened run-of-mine from the 
Pratt seam, taken from a mine near Birmingham, 
Ala. 

Zone samples were taken along the table as in 
study “A”, except that the long or coal side was 
divided into six zones and the refuse end into three 
with zone 7 at the diagonal corner. Feed rate of the 
table at the time samples were taken was 10.0 tph. 

Table V gives the size distribution of the feed to- 
gether with the ash analyses of the size increments. 
This coal is finer and lower in ash than the coal of 
the previous study. Only 6.9 pct of it is -+-4-mesh, 
while 8.6 pct is —100-mesh. The calculated head 
ash of this coal is 14.7 pet. The --4-mesh is by far 
the highest ash increment, running 26.0 pct. The 
—100-mesh size contains only 13.9 pet ash. 

Fig. 10 shows the washability curve of this Pratt 
seam 4 in. x 0 table feed, the +0.10 sp gr distribu- 
tion, as well as a curve (2) indicating the cumula- 
tive ash yield of the products from the zone samples 
mentioned above. 


Table VI. Case Study “B” Zone Analysis of Table 
Products from ', in. x 0 Feed 


Cumulative 
Recovery, 


Cumulative 
Reject, 
Pet 


* 


wt 


100.0 
88.2 
47.6 
20.5 
16.5 
13.9 
13.2 
12.6 
2.8 


100.0 


Total 100.0 


SUF 


This coal is not only a lower ash coal but com- 
pared to case study “A” is a much easier coal to 
clean. The +0.10 sp gr curve shows that the lower 
limit for efficient cleaning is at 1.45, where a theo- 
retical ash in the float coal is only 3.5 pet producing 
an 82 pct recovery. At this same yield point the 
cumulative zone products from the Deister table 
gave 3.8 pct ash, a very close check with the theo- 
retical. This gap, of course, widens beyond this point 
at the lower gravities. 

Table VI gives the zone analysis of table products 
in case study “B”. As is general, the zone 1 showing 
4.6 pct ash gives a somewhat higher ash percent 
than the next zone, which produced a 3.4 pct ash 
product. Zones 1 through 6 gave a cumulative ash 
of 4.6 pet with a combined yield of 86.8. Even add- 
ing the corner zone 7 into the clean coal side brought 
the overall clean coal ash only to 4.8. Refuse or re- 
ject ash combining zones 7, 8, and 9 was 74.5 pct 

In table VII, float-and-sink analyses are shown 
for each zone product at 1.40 and 1.60 sp gr. The 
combined products of zones 1 through 6 show 13.7 
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| | +0)0 SPECIFIC 
| 
50 1 
t- 
cof 
| 
| 
ig 
100 
190 180 130 
. Pet 
Zone 
wt, Ash, 
1 11.8 11.8 6 13.8 x 
eh 2 40.6 52.4 7 15.1 
3 27.1 79.5 0 25.0 4 
4 40 83.5 3 51.9 
5 2.6 86.1 5 62.4 
& 6 07 86.8 6 71.6 
‘ 7 0.6 87.4 74.5 
8 98 97.2 76.6 
24 9 2.8 85.0 
Size, 
Mesh 
oy we Ash we Ash we Ash = 
a 4 69 26.0 69 26.0 100.0 14.7 
- 4x8 23.5 18.5 32.8 20.1 93.1 13.9 
: 8x14 18.0 13.0 50.8 17.6 67.2 12.1 
7 14x35 26.7 11.5 775 15.5 492 11.8 
35x 100 13.9 11.1 914 14.8 22.5 122 
i 


6 7 8 9 


5 
ZONES 


Fig. 11—Case study “B” ', in. x 0 feed showing 
cumulative ash, yield, float-and-sink byproduct 
zones. 


pet sink at 1.40 and only 2.6 pct sink, however, from 
zones 1 through 4. Since 1.40 sp gr is lower than the 
desirable minimum gravity according to the +0.10 
sp gr distribution curve, it is logical that one would 
run into difficulties near the middling zone of the 
table. 

Testing these same products at 1.60 sp gr, less than 
1.0 pet sink is observed in the cumulated products 
of zones 1 through 5 and, including the sixth zone, 
only 1.05 pct sink was found. Combining the refuse 
zones 7-8-9, one finds these zones contain 5.3 pct 
float coal at 1.40 and 6.9 pct float coal at 1.60 sp gr. 

Fig. 11 shows graphicaliy the results plotted from 
the accompanying test data and gives the cumula- 
tive ash and yield percent as well as the cumulative 
float-and-sink percent at 1.40 and 1.60 sp gr, cumu- 
lating the products from zones 1 through 9. 


Case Study “C” 

This study is on 3/16 x 0 coal from the Ohio No. 8 
seam in Jefferson County of eastern Ohio. The table 
feed is a mixture of 80 pct total seam deep mined 
and 20 pct strip coal and is the resultant product 
of screening the cleaning plant raw feed on 3/16 in. 
round hole screens 

Zone samples were not taken at various points 
along the table. Rather, the entire product from the 
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Fig. 12—Case study “C” washability 3/16 in. x 0 
table feed. 


long or coal side of the table was considered as the 
clean coal product and the material discharged off 
the end as refuse. Screen and ash analyses of the 
feed, clean coal, and refuse were taken and thus a 
comparison can be made of ash reduction at various 
size increments. Table feed rate at the time samples 
were taken was 8.7 tph. 

Table VIII gives the size consist together with 
the ash analyses of the various sizes. This «s a dirty 
coal, the calculated head ash being 22.2 pct. Unlike 
some of the other coals reported in this paper, the 
coarsest increment, namely the 3/16 in. x 8 mesh, 
had the lowest ash, being 14.8 pct. The —100-mesh 
contained 29.8 pct and the —200-mesh, 31.7 pct ash. 

The table feed was considerably finer than those 
in studies “A” and “B”, containing 10 pet —100- 
mesh and 5.2 pct 200-mesh particles. These ex- 
treme fines are difficult to clean by any gravity 
process. 

Fig. 12 shows the washability curves for the table 
feed. The +0.10 sp gr distribution curve indicates 
that a gravity of 1.52 must be reached before one 
finds less than 10 pct of the particles between a 0.10 
difference in sp gr, an amount generally accepted as 
the maximum limit for good separation. Of the feed 

2 pct lies between 1.40 and 1.60 sp gr. The theo- 
retical yield at 1.52 is 74.0 pct, giving a cumulative 
float-ash percent of 7.0. 


Table VII. Float-and-Sink at 1.40 and 1.60 Sp Gr on Table Products from '4 in. x 0 Feed, Case Study “B” 


At 1.40 Sp Gre 


Float, Pet Sink, Pet 


ee WNN 


2.8 
100.0 


100.0 
Total 


At 1.60 Sp Gre 
Fleat, Pet Sink, Pet 


> 


we 


0.1 
02 
04 
18 
15.2 
23.7 
519 


99 8 


* Float-and-sink analyses on ‘4 in. x 100-mesh, data do not include the 100-mesh 
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2 3 5 6 7 8 
30|.. | sFLOAT ASH 
s 6 s 
| 
90 10 
i 
I 
= 
y 
re 
Prod- 
Table wet Com Cum 
Zone wt, Sink, Sink, 
Pet Pet Pet 
we we Ash we = = Ash 
10 194 10 99.9 41 0.10 
1.7 17.6 16 99.8 35.2 0.18 
49 20.2 1.7 996 | 35.7 0.25 
| 20.4 249 26 96.2 49.5 0.42 
| 30.5 31.8 117 84.8 | 39.5 0.86 
> j 38.1 35.0 13.7 76.3 | 42.3 1.05 
f } 68.0 | 40.9 18.2 48.1 1 46.2 1.40 
4 96.0 773 26.1 64 1 95.6 779 11.05 
85.1 28.9 02 1 85.2 13.54 
| 


» 80 analyzing 28.7 pct. Cumulating the sizes down to 
- 28-mesh, one obtains a 7.0 pct ash product. Cumu- 
2. 70 REF lating the sizes down farther to 100-mesh, one ob- 
=" & 68.6 ne tains a 7.4 pct ash product, and at the 200-mesh level 
‘4 60 aoe a4 7.7 pet ash results. Obviously the —200-mesh is the 
ss 613 61.5 offender in bringing up the composite ash of the 
4 5 50 total clean coal to 9.4 pct. 
; ; w It is considered noteworthy that the 48x100-mesh 
5 © 40 coal has been reduced from 29 pct ash to 9.9 and 
y ¢ the 100x200-mesh increment from 27.1 pct ash to 
4 FEE! 14.2 pet. 
4 F3 30 Tar Table X records the results of float-and-sink 
q < 27.1 analyses of the clean coal and refuse at 1.50 and 1.60 
a 20 22.7 21.5 sp gr only on the -+-100-mesh sizes because of the 
16.2 CLEAN difficulty of float-and-sink testing of the —100-mesh 
‘% 10 99 sizes. As such, it is only partly indicative of the 
vt 6.8 1 | 7.8 actual results. One notes that the clean coal -+-100- 
i ° mesh had 3.5 pct sink and the refuse had 4.7 pct 
4 6 '4 2% 48 100 200 -200 float material at 1.50 sp gr. At 1.60 sp gr there was 
4 SIZE CONSIST 1.8 pet sink in the clean coal and 8.5 pct float in 
“4 (TYLER) the refuse. Fig. 13 illustrates graphically the ash 
44 Fig. 13—Case study “C” 3/16 in. x 0 feed, showing distribution, by various size increments, in the table 
> ash distribution according to size consist. feed, clean coal, and refuse. 
Case Study “D” 
Table IX shows the screen sizes of the table This study is on a *% in. x 0 coal from Greene 
o products with ash analyses. The calculated head ash —_— County, Pa. It is from the Pittsburgh seam and was 
+3 of the clean coal was 9.4 pct with 67.3 pct for the screened from the run-of-mine. It is an example of 
. refuse. Based on the formula that high-sulphur coal of which there are large reserves 
_ seas available in that area and which would make excel- 
lent metallurgical coking coal if the sulphur content 
Recovery, & t—ec vane could be reduced to a reasonable amount. The ob- 
: ject of the testing was primarily one of sulphur 
where t is the ash of the refuse, f is the ash of the reduction rather than ash. 
feed, and c is the ash of the clean coal product, the Washability studies were made showing both ash 
“he recovery or yield was 78.0 pct. Examining the theo- and sulphur reduction. The Deister table was set to 


retical yield of 78.0 pct on the raw feed washability 
curve in fig. 12, one notes that the float coal shows a 
theoretical ash of 8.0 pct. 

Again examining the results shown in table IX, 
one finds that the cleanest increment in the clean 
coal product is the 8xl4-mesh which analyzed 6.4 
pet ash. The highest ash is in the —200-mesh 


Table VIII. Sereen Sizes and Ash Analyses of 3/16 in. 
x 0 Feed to Deister Table, Case Study “C” 


operate at a low gravity. Zone samples were taken 
along the table deck, with zones 1 through 6 being 
progressively along the coal discharge side of the 
table, zones 7, 8, and 9 along the refuse end with 
zone 7 at the diagonal corner. Table feed rate was 
estimated as 8.5 tph. 

Table XI gives the screen, ash, and sulphur analy- 
ses of the table feed. The head ash of this coal is 
low, analyzing only 10.4 pct. The sulphur content is 
generally progressively higher in the finer sizes, in- 
creasing from a low of 2.30 in the +3 in. size to 
2.98 pct in the 48x100-mesh and dropping slightly 


Direct, Cumulative, in the —100-mesh to 2.90 pct. 
oe, Pet Pet Since these analyses are “total” sulphur on a dry 
basis, it is important to know what the “inherent” 
—— or combined organic and sulphate sulphur content 
3/16x8 168 148 iss 148 100.9 22.2 is for this coal, as no cleaning process will remove 
14x28 206 227 63.3 179 573 274 this “inherent” sulphur but only extraneous sul- 
phur in the form of the iron sulphides of pyrite or 
100x200 48 27.1 94 8 21.2 10.0 29.8 marcasite. 
te atest | = ~~ In this particular test the exact “inherent” sul- 


phur content was not available, but analyses of 


Table IX. Screen Sizes and Ash Analysis of Clean Coal and Refuse from 3/16 in. x 0 Table Test, Case Study “C” 


Clean Coal 


Size, Direct, Pet 


Mesh Cumulative, Pet 


2 
= 
> 


we we 


Refuse 


Direct, Pet Cumulative, Pct 


= 
> 
= 


Ash we 


> 


3/16x8 15.7 6.8 15.7 68 100.0 94 16.6 61.3 16.6 61.3 100.0 67.3 
8x14 25.9 64 41.6 6.5 84.3 10.2 26.9 68.6 43.5 66.0 83.4 66.1 
14x28 21.7 7.1 63.3 6.7 68.4 10.4 23.1 66.0 66.6 63.3 56.5 64.9 
28x48 13.8 78 77.1 7.0 46.7 12.0 16.5 53.3 83.1 61.5 33.4 63.0 
48x 100 10.3 99 87.4 74 32.9 12.1 9.7 61.5 92.8 65.4 16.9 64.7 
100x200 | 46 14.2 92.0 77 12.6 23.4 3.1 654 95.9 71.6 72 68.9 

200 | 8.0 28.7 100.0 94 8.0 28.7 41 71.6 100.9 67.3 4.1 71.6 
Total | 100.0 94 100.0 67.3 


| 
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Fig. 14—Case study “D” washability of *, in. x 100- 
mesh high-sulphur table feed. 


other similar samples showed it to vary between 
0.95 and 1.05 pct with possibly an average of 1.00 
pet. One can assume, therefore, that if 100 pct of the 
extraneous sulphur were removed, the coal would 
still contain about 1.00 pct sulphur. 

Fig. 14 shows the results of float-and-sink analy- 
ses of the table feed in the form of washability 
curves. From the viewpoint of ash removal, the coal 
is quite easy to clean. The +0.10 sp gr distribution 
curve indicates that one can separate as low as 1.45 
without running into difficult washing. 

At this 1.45 sp gr a yield of 88.0 pct can be theo- 
retically obtained, giving a cumulative float ash of 
5.5 pet. The sulphur content of the 1.45 float coal is 
1.52 pet. If it were possible to separate this coal at 
1.35 sp gr, the sulphur in the float coal would co- 
incidently be also 1.35 pct, assuming a perfect sepa- 
ration. 

Table XII gives the yield, ash, and sulphur of the 
table product zones of case study “D”. The lowest 
sulphur content of any of the zones is that of zone 2, 
which analyzed 1.64 pct. The cumulative product 
from zones 1 through 6 gave a total sulphur content 
of 1.80 pet with the combine refuse zones 7, 8, and 
9 containing 11.89 pct sulphur. 

From a table recovery standpoint it is interesting 
to note that 86.3 pct of the total table product came 
off the first three zones with a sulphur content of 
1.72. 

Tables XIII and XIV show the results of float- 
and-sink tests at 1.35 and 1.60 sp gr on the products 


Table X. Float-and-Sink Analysis 3/16x100-Mesh 
Products 


At 1.50 Sp Gr Atl.60SpGr 
Fleat, Sink, Float, Sink, 
Product Pet Pet Pet i Pet 
Wt = Ash we Ash Ash wt = = Ash 


Clean coal | 96.5] 64| 35 | 343 67 | 18 | 55.5 
Refuse 47/186 | 943 | 698 212 | 915 | 71.0 


ZONES 


Fig. 15—Case study “D” *, in. x 0 high-sulphur 
feed showing cumulative ash, yield, sulphur, float- 
and-sink byproduct zones. 


from the various zones. In these tests the —100-mesh 
particles were previously screened out. Fig. 15 pre- 
sents graphically the cumulative ash, sulphur, and 
yield percent and the cumulative float-and-sink at 
the two above-mentioned gravities, starting cumu- 
latively with zone 1 and continuing through all nine 
zones. 

As the washability curves in fig. 14 show, any 
separation below 1.45 sp gr would be quite dif- 
ficult because of the high percentage of near gravity 
material which would, as expected, show up in the 
high percentage of sink in the table clean coal 
products at 1.35 sp gr as well as in the percentage 
of float coal in the refuse. At 1.60 sp gr the results, 


Table XI. Screen Size, Ash and Sulphur Analyses of 
‘, in. x 0 High-Sulphur Feed, Case Study “D” 


Direct, Pet Cumulative, Pet 


we Ash | Sul Wt ss Ash 


+ %» in. rd 2. 128 128 2.30 1000 104 
‘ex in 34.1 11.1 2.36 87.2 
‘4x14 mesh 37.3 | 3.3 71.3 103 2.33 
14x48 mesh 5 2 5 909 102 36 28 
48x 100 mesh K 943 102 : 9 

100 mesh 5.7 K 100.0 | 10.4 5 
Total 100.0 


9 
7 
1 


Table XII. Zone Analysis of Table Products from *, in. 
x 0 High-Sulphur Feed, Case Study “D” 


Cumulative Cumulative 
Direct, Recovery, Reject, 
Pet Pet 


Ash | Sul. 


ae 


3 
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ZONES 
i 2 3 5 6 7 8 
GRAMTY, DISTRIBUTION, oso) 20 
| 
100 < 10 405 
\ \ | 250 2 oe 100 
100 : B 
20 1 2 3 4 5 6 7 6 9 
190 
4 
Size 
| Wt Ash Sul 
241 
2.43 
4 244 
2.61 
2.93 
3.90 
q 
Wt | Ash | Sul.) Wt | Ash | Sul. 
| 1.74) 62 100.0 | 102 2.51 
| 40.0] 5.7| 164) 508) 5.8 892 10.7 2.60 
| 35.5) 1.80) 863) 6.0 49.2 147 3.38 
| 2.36) 916| 6.1 13.7 | 36.7 7.47 
436) 92.7) 63 84 | 54.1 10.70 
0.3! 284 620) 93.0 64 7.3 59.6 11.66 
1.1) 37.3 7.20\ 94.1 6.7 70 60.9 11.89 
56\ 652 12.00 987 100 5.9 65.3 12.76 
| 03) 67.9 27.22 100.0; 102 03 67.9 27.22 
al |100.0| 10.2 | 2.51 


Table XIII. Float-and-Sink at 1.35 Sp Gr on Table 
Products from *, in. x 0 High-Sulphur Feed," Case 


Study “D” 
Prod- 
Table ast Float, Pet Sink, Pet 
Zone wt, 
Pet | 
we Ash Sul wt Ash Sul 
1 10.8 94.5 42 1.42 5.5 15.8 4.06 
2 40.0 914 4.6 1.44 8.6 14.8 3.53 
3 35.5 85.1 4.3 1.40 14.9 15.9 3.90 
4 5.3 71.3 48 1.47 28.7 19.6 4.52 
5 11 29.8 5.6 1.63 70.2 22.0 5.23 
6 0.3 2.3 97.7 
7 1.1 2.4 5.5 1.79 97.6 37.2 6.97 
8 5.6 22 5.6 1.73 97.8 66.6 12.07 
9 0.3 0.0 100.0 26.3 26.05 
Total 100.0 


* Float-and-sink analyses on + 100-mesh sizes only 


as shown in table XIV, are excellent as far as the 
percentage of misplaced particles is concerned. 

The minimum practical gravity of separation ap- 
pears to be at 1.45. This is, of course, on an un- 
classified feed and with a fairly wide size range 
attempting to clean down to zero sizes. Better re- 
sults could be achieved by closer sizing and also by 
making a middling or steam coal grade secondary 
product. 


Table XIV. Float-and-Sink at 1.60 Sp Gr on Table 
Products from *, in. x 0 High-Sulphur Feed,’ Case 
Study “D” 


Prod- 
Table aah Float, Pet Sink, Pct 

Zone wi, 
Pet 

we Ash Sul. we Ash Sul. 

1 10.8 99.5 4.6 1.51 0.5 39.3 12.98 

2 40.0 99.9 5.4 1.61 0.1 35.7 7.59 

3 35.5 99.4 5.9 1.75 0.6 33.3 5.30 

4 5.3 96.0 8.0 2.22 40 | 35.3 5.40 

5 1.1 83.3 124 3.94 16.7 33.4 5.26 

6 03 54.1 21.2 6.25 45.9 34.9 5.65 

7 11 14.0 20.2 6.02 86.0 39.0 6.98 

8 5.6 44 12.6 3.71 95.6 67.6 12.22 

9 0.3 100.0 68.3 26.05 
Total 100.0 


* Float-and-sink analyses on + 100-mesh sizes only 


Summary and Conclusions 

An attempt is made to discuss some of the theory 
of wet tabling and the phenomena surrounding 
tabling action. The Deister diagonal-deck table 
is described. In discussing the performance of this 
table in the cleaning of the finer sizes of bituminous 
coal, a study was made of four tests run on un- 
classified feeds, each test being made on different 
types and sizes of coals. The author has attempted 
to be objective in his analyses, presenting the facts 
of the different studies based on actual table 
performance. 

The separation of different minerals on a wet con- 
centrating table is the result of their differences in 
specific gravities, size and shape of particles, and 
the phenomena of stratification and hindered set- 
tling. These factors can be controlled and aided by 
many possible table adjustments, including speed, 
stroke, side tilt, end elevation, deck area, riffle de- 
sign, shape of deck, and water distribution. 


A diagonal-deck type of concentrating table offers 
the advantage of a more effective deck area at the 
section of the deck where it is most needed. For 
most coal washing a riffle design where the riffles 
are parallel to the differential head motion appears 
to give the most satisfactory results. A desirable 
table for wet washing or concentration of coal is one 
that provides the flexibility of adjustments so that 
it can be operated to fit the particular coal being 
treated and produce the desired results. 

Capacities of tables will vary with their size, 
shape, and other operating characteristics, as well 
as with the particle sizes being treated, the inherent 
washability of the coal itself, and the results de- 
sired by the operator. 

A study of the four cases incorporated in this re- 
port indicates that a high degree of performance 
was achieved under a wide variety of conditions. In 
comparing the results of any process, it must be re- 
membered that the inherent characteristics of the 
coal must always be taken into consideration and 
that a true comparison between different processes 
can be made only when treating the same kind and 
size of coal. 

It is believed that the type of coal washing table 
herein studied will produce a satisfactory product 
from fine sizes of coals and fulfill most requirements 
while operating on an unclassified feed. Test data 
indicate that bituminous coal fines of size consist 
ranges of 42, *s, % and 3/16 in. x 0 can be treated 
effectively. If a higher degree of separation accu- 
racy is required, a closely sized or classified feed may 
become necessary. This latter course may be espe- 
cially desirable if the primary purpose is sulphur 
removal. 
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Specific Safety Problems Applicable 
in West Virginia Mines 


by Arch J. Alexander 


This paper is a resume of a study undertaken by the West Virginia 
Department of Mines. The underlying and direct causes of accidents are 
determined in each occupational group. Then from this study, accident 
prevention courses, visual and written, are to be taken to the various 

working groups in the mines. 


HE causes of accidents in West Virginia mines 

follow the main pattern of coal industry acci- 
dents in the United States—falls of roof, ribs and 
face, 56 pet; from haulage, 25 to 30 pct; blasting, 3 
pet; electrocutions, 3 pct; explosions, 2 pct; and 
other causes, about 10 pct. 

To arrive at some satisfactory conclusions regard- 
ing causes and prevention of mine accidents, the 
Department of Mines has made a study of all mine 
accidents, from 1945 to 1948, inclusive. During the 
last two years of this period, we did not have a 
major explosion, one that took the lives of as many 
as five men. The direct cause of these accidents is 
apparent in the reports but we who are making a 
close study into their frequency think that the virus 
lies much deeper, and we want to suggest an under- 
lying cause. 

The rapid growth of the coal industry in West 
Virginia, the largest producer of bituminous coal, 
has resulted in a demand for manpower which 
probably has never been equaled in mining history. 
At the turn of the century, West Virginia had 24,635 
men employed in and about her mines, and they 
produced 21,153,341 tons of coal a year. In 1948, 
there were 125,669 men employed, and coal produc- 
tion for the year was 168,589,033 tons, an average 
increase of 35 pct for each year since 1900. Over 
100,000,000 tons of this increase were mined in the 
southern counties of the state. 


A safety analyst might read into the history of 
this development an underlying cause for accident 
occurrence. He might say that in such a vast, rapid 
development the available supply of trained min- 
ers became exhausted and that young, inexperi- 
enced men were employed in the mines by the 
thousands. Being unacquainted with the hazards of 
mining, it would be only natural for these young 
men to be injured or killed in too great a number 
This assumption would not be borne out by the rec- 
ords. Men were not injured or killed in dispropor- 
tionate numbers during their first years in a mine 
The only reason we can give is that, during these 
years, they possessed an attribute of safety—CAU- 
TION—to a much greater degree than in the years 
following. 

The coal companies in West Virginia that have 
been operating over a number of years have a 
nucleus of employees who have been with them ten, 
twenty, thirty, and forty years; many of them hav- 
ing gained all of their mining experience with 
one company. Their habits of work have been 
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steady and their proneness to accidents less than in 
any other group. They have remained long enough 
in one place to have acquired safety habits. When 
they make up a large percentage of the total em- 
ployees of any one company, safety promotion is 
given a head start. 

On the other hand, our accident figures indicate 
that there is a large segment of mine workers, espe- 
cially in the rapidly developing fields, which is 
continually on the move. These miners have accu- 
mulated experience in two or more states and in the 
various fields of each state. Their restlessness is not 
psychologically conducive to the acquiring of safety 
habits. 

They are of all ages, the young man in his 
twenties and the mine worker of sixty, and they 
claim experience in all the occupations in and about 
our mines. This roving band suffered an average of 
42 pct of all our fatal accidents and as high as 60 
pct in the counties having the highest accident rates. 

The average for the group: Age, thirty-five; total 
mining experience, fifteen years; and length of 
service with the mine where they were killed, 4.7 
months. They were injured or killed within the 
year not because of unfamiliarity with any new 
danger but because of their disregard for the old 
ones. 

Our records show that a county with settled 
workers, many of whom are second and third gen- 
eration miners, owning their own homes, and stand- 
ing out as an integral part of their community, has 
a better safety record than a county in which there 
is a heavy labor turnover. In the counties having a 
heavy labor turnover, we see an answer to the 
problem by a breakdown of the accident records. In 
one of our largest producing southern counties, one 
fourth of the companies, large and small, mining 
one half of the production, have a safety record 
comparable to any group of mines in the nation 
despite their heavy labor turnover. Others could 
follow their example. 

From this analysis, we also can see that the good 
worker is the safe worker. By the good worker, 
we mean the man who stays on the job year in and 
year out, who, in all probability, owns his home 
and is a steady, everyday man. He is the man who 
does not change companies too often, and every 
effort should be made to keep this type of worker 
at your particular mine as long as possible. This 
not only brings up the question of safety, but also a 
social question, which must be solved at each indi- 
vidual mine. 

In West Virginia we have three well-known 
methods of mining, following plans that differ 
somewhat in pattern, but all with the same ob- 
jective, and that is the extraction of the coal from 
the working faces. These methods of coal extraction 
have changed somewhat during this 4-yr study: 
Hand loading into mine cars, 1945, 42.7 pct; 1948, 
31.7 pet. Mechanical loading by machines, 1945, 43.9 
pet; 1948, 51.6 pet. Hand loading into conveyors, 
1945, 13.4 pet; 1948, 16.7 pct. 

Coal Loading by Hand into Mine Cars 

We are experiencing a sharp decline each year in 
the amount of coal hand loaded into mine cars. 
However, this group of hand lo®ders still makes up 
the largest single group of men within our mines 
in a single occupation. They averaged, for the 4-yr 
period of study, 21.3 pet of all our mine workers, 
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including supervisors. They made up 41 pct of all 
the men whose principal duties keep them at the 
working face. They still exceed the combined num- 
ber of cutting machine, loading machine operators 
and helpers, and hand loaders into conveyors. 

In this group of hand loaders into mine cars 
occurred 20 pct of our fatal accidents and the larg- 
est number of our serious nonfatal accidents. Even 
with such a showing, their record is better than the 
average for all groups, nine others proving more 
hazardous. 

Of their total fatalities, 75 pet were from falls of 
roof, ribs or faces at the face. Being crushed against 
the face by cars, being caught in mountain bumps, 
and blasting, account for another 12 pct, making a 
total of 87 pct at the working faces. Of the acci- 
dents to these face men, 16 pct were from causes 
beyond their control, either carelessness on the part 
of a fellow worker or a hazard under the control of 
management and supervision. Few, if any, were not 
preventable. 

Since most of these accidents, both fatal and non- 
fatal, to hand loaders were caused by the fall of 
roof, we immediately arrive at the conclusion that 
there is insufficient timber being set. This, without 
a question of a doubt, is the answer. Timber is not 
being set for one of three reasons; (1) The timber 
itself is not available, (2) the coal loader is not 
conscious of his danger, or (3) insufficient or in- 
effective supervision. Lack of discipline has been a 
great factor in accidents in our mines. Our records 
also show that the injuries or deaths of men in a 
working face were the result of insufficient timber- 
ing. Therefore, there can be only one conclusion— 
timber the working face and you will save the life 
and limb of the miners. 

Machinemen, Cutting 

Machinemen, cutting, come after brakemen in the 
number killed. So that we may keep together the 
groups with the most roof fall fatalities, we will 
discuss haulage later. 

Machinemen account for only 5.25 pet of our total 
employees, but for 11.10 pct of the total fatalities. 
Of the fatalities, 68 pet were from falls at the face 
and 22 pet were from causes such as careless tram- 
ming, handling of the machine at the face, loose 
clothing, and being caught between machine and 
low top. Again, 10 pet were from causes beyond the 
control of the men. 

Men cutting coal are within the group that are 
termed “skilled workers.” They are a rather inde- 
pendent crew and, in most cases, work by them- 
selves. Lack of training as to procedure in their 
work is the great killer of this group. Machinemen 
must be taught to reset timbers which they them- 
selves knock out and to examine the roof before 
and during the cut. They must be taught to exam- 
ine for gas before and during the process of cutting 
a place. However, examining for gas is secondary 
to inspection of the roof. Many a machineman 
knocks a timber down and never resets it. Again, a 
system of timbering at the face, carried out, even 
though many posts must be reset, will go a long way 
toward saving lives in this group. 


Loading Machine Operators and Helpers 
This group is very much like that of the machine- 
men and accounts for 4.95 pet of our employees and 
for 10.20 pet of the total number of men killed in 
our mines. Their record is only a little better than 
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that of brakemen and shuttle car operators. Eighty- 
three percent of the loading machine operators and 
helpers were caught under roof or rib falls at the 
face while loading coal, or on entries while loading 
slate. About 8 pct of them were killed by causes 
beyond their control. 

Again, these men must be taught the dangers of 
unsupported roof. Since they are working around a 
great deal of noise, they cannot hear when the roof 
cracks or breaks. Therefore, we must timber for 
them. Loading machine operators should never be 
permitted to take a loading machine past the last 
crossbar or the last row of timbers, even though 
the machine must be stopped until the place is made 
safe by additional timbers. If this were carried out, 
coal production would be higher and a much better 
accident record would result. 


Timber and Slate Men 


Timber and slate men comprise 5.02 pct of our 
workmen and accounted for 7.60 pct of the total 
fatalities. Ninety percent of these fatalities were 
the result of falls of roof or rib, causes which were 
under their control. Six percent of these men were 
killed from causes beyond their control. A great 
many of the injuries and fatalities in this group 
could be avoided if the men would make themselves 
safe before starting to work. If they would set the 
necessary timber in the working faces or take the 
necessary precautions while cleaning up a slate fall, 
the fatalities would be reduced to nil. 

Let me point out again the importance of super- 
vision and discipline. 


Hand Loaders into Conveyors 


Men hand loading coal into either shaker or «hain 
conveyors make up 8.12 pct of our total employees. 
They account for 6.9 pct of our fatalities. This is by 
far our safest group but, of the men killed loading 
conveyors, 77 pct of them were killed by the fall 
of roof and rib. 

I believe the fine record made by hand loaders 
into conveyors is due to closer supervision. The 
average supervisor does not have too much territory 
to cover on a conveyor section because the coal 
is usually thin and a systematic method of timber- 
ing is carried out in most cases. The small percent- 
age of men killed during conveyor loading may be 
used as a yardstick for all other cccupations. Still, 
even with this fine record, there is room for vast 
improvement. A better method of safety timbering 
and better supervision would go a long way toward 
saving lives in this group. 


Supervision 

While supervisors are only 6.97 pct of our total 
employees, they account for 6.60 pct of our fatal 
accidents. Forty percent of the supervisors’ deaths, 
fewer than in any other group, were from slate falls 
and 60 pct were from all other known causes. All 
of them could have been prevented and none took 
place in the saving of lives. The supervisor, travel- 
ing from place to place, constantly on the move, has 
a more dangerous job than almost any other worker 
within the mines. 

In West Virginia we have an average of one 
supervisor for every eight workers and it seems 
that the leaders should set a better example for the 
men working under them by being more safety 
conscious themselves. I believe most face supervis- 


ors are far better production men than they are 
safety men. It is the way they have been taught. 
Now, if we intend to reduce hazards to this group, 
we must teach them the proper way to supervise as 
well as proper safety practices. This is strictly a 
local problem which must be worked out by the 
management of each mine. 


Trackmen 

Trackmen constitute 6.12 pet of our workmen and 
account for 4.20 pct of all fatalities. They can be 
credited with being, from a fatality standpoint, one 
of our safest groups of inside workers. Yet, 70 pct 
of their fatalities are the result of slate falls. There 
is no question that this group must be taught not to 
work in unsafe areas. This is a matter of roof test- 
ing and either keeping workers from dangerous 
places or seeing that they properly protect them- 
selves. Again, 10 pct of the fatalities in this. group 
were from causes beyond the control of the workers. 


Drillers 

Drillers, both coal and rock, are a small group 
accounting for 1.56 pet of our total workmen, but 
accounting for 2.04 pct of our fatal accidents. Slate 
falls at the face caused 46 pct of these accidents 
that could have been prevented. Thirty percent 
were from causes beyond the workers’ control 
Among these were accidents caused by runaway 
machines, runaway shuttle cars, the use of defective 
equipment, and loose clothing. Such accidents should 
never have happened. The drillmen at the face 
should take the necessary safety precautions of 
checking the roof and setting the necessary safety 
timbers. They should become aware of the othe 
equipment being used near them. 


Shot Firemen 


This is one of the smallest groups in the mines, 
constituting only 1.65 pct of our total workmen 
Yet, they had 2.30 pct of all the fatal accidents. Of 
these men, 83 pct were killed from falls at the face. 
Again, proper face precautions, the setting of safety 
timbers, and the awareness of roof fall dangers must 
be emphasized if we intend to save the lives of this 
group. 

Haulage Crews 

Brakemen: While all the groups in the mine are 
involved to a certain extent in haulage accidents, 
they occur mainly to our locomotive crews. Of all 
the workmen in a coal mine, brakemen have the 
most injuries. While accounting for only 5.25 pct of 
our total employees, about the same as cutters, they 
are charged with 12.50 pct of all underground 
fatalities. Their nonfatal injuries run very high in 
permanent disabilities and there are about eleven 
nonfatal accidents for every fatal accident. Fifty 
percent of these fatalities were caused by dangerous 
practices, such as riding front bumpers of cars or 
locomotives, riding between cars or locomotives, 
jumping in front of trips, and riding on the sides or 
top of locomotives and cars. All of these practices 
violate the rules of the Department of Mines. All of 
these brakemen were killed because they would 
not follow known safety rules 

Brakemen should be thoroughly schooled before 
they are permitted to get on a locomotive. A brake- 
man who continues to violate company rules, state 
rules and laws, etc., should be transferred from that 
particular job to another or discharged. 
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Twenty-seven percent of our brakemen were 
killed from causes beyond their control. These were 
by hazards which the supervisors or management 
should have discovered and removed. The remain- 
ing 23 pct were killed as a result of collisions, rerail- 
ing cars with a stiff jack, excessive speed, being 
caught in tight places and in thin coal, or by low 
roof over cars and locomotives. None of these are 
causes which cannot be corrected by the mine man- 
agement. It is a well-known fact that haulage crews 
get the least supervision of any group of workers in 
a coal mine. 

Motormen: Motormen constitute about the same 
number of the total employees as brakemen, 5.62 
pet, but their fatalities are fewer than those of the 
brakemen, being 9.30 pct of all fatalities or about 
3 pet less than the average for the brakeman. A 
great many of these fatalities to motormen are 
caused by slate falls, defective equipment, collisions, 
and runaways from trips other than their own. To 
reduce haulage accidents, which are a disgrace, 
there must be better control over haulage, the 
removal of dangerous entry roof, and an educating 
process for motormen and brakemen. Discipline 
enters the picture to a great extent and, in mines 
where discipline is somewhat lax, the danger of 
accidents to haulage crews is ever present 


Mechanized Mining 


When mechanized mining was introduced in our 
state, we were told that the workers on the various 
mechanical units would be more concentrated, that 
they would have the benefits of instruction and 
supervision not possible for hand loaders into mine 
cars, and that safety would be advanced. To see if 
our expectations have been realized, we can look at 
the record: 

Man Hours 


Worked 
Per Fatality 


Hand loaders into mine cars 1,070,607 823,450 
Hand loaders into conveyors 1,318,064 906,381 
Loading machine operators 

and helpers 2.780.041 373,694 


As long as we measure our fatality rate on a 
tonnage-wide basis, the mechanical loading of coal, 
with the greater tonnage mined per fatality as com- 
pared with hand-loading methods, will present a 
better record. On the other hand, with the variables 
we now have in mining coal, an accident rate on a 
production basis does not express the actual safety 
record of a mine or of a company. Computing on 
the basis of man-hours exposure, the present high 
accident rate of loading machine operators and 
helpers shows that we have not improved the record 
but that it is somewhat worse. 

The various principal occupations within a coal 
mine in their relative importance, as far as safety 
is concerned, and the accident record of each occu- 
pation have been presented. We are able to arrive 
at some definite conclusions very quickly. 

The first conclusion is that there is a lack of roof 
support. About 60 pct of all mine fatalities are 
caused by roof falls. Therefore, if we are going to 
improve this situation, we must be sure that each 
working place has sufficient timber of the right 
length and that this timber is set. When we accom- 
plish this, we will have gone a long way toward 
cutting down fatal accidents in the fall of roof. 
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In the past year, there has come into vogue a new 
system of roof support in coal mines and that is roof 
bolting. This system controls the roof either by 
bridging or by holding the roof directly to an above 
strata. At the present time, we have some 103 mines 
in West Virginia using this system of timbering suc- 
cessfully, and there is no question in our minds that 
roof bolting has a great future. Like every other 
system of roof support, it must be properly studied 
so that the right equipment can be used, a definite 
system set up as to its use, and that system carried 
out. We are gathering information on this subject 
and are encouraging the use of bolts under a con- 
trolled system. We believe that roof bolting is the 
most progressive step that has been made to date in 
coal mining. However, as a system of roof support, 
it is no better than the people who use it. 

Supervision is one of the weakest links in our 
chain of mining. We select a man as foreman be- 
cause he happens to be an expert motorman, ma- 
chineman, or outstanding man in his line of work. 
We never think, generally speaking, that this man 
needs special instruction in the many things over 
which he has supervision. The first step in any acci- 
dent prevention program must start with the super- 
visor. This instruction takes time and costs money, 
but we believe it is the only way that any mine can 
improve its accident record. 

Many years ago, when mechanized mining was 
first started, it failed in a good many places. Our 
ignorance of the job caused this failure. It did not 
take us long to study each step of the work or cycle 
in mechanized mining. After we had made this 
study, we trained our men, and the results were 
very gratifying. 

The West Virginia Department of Mines, profiting 
by this experience, has been studying mine acci- 
dents by occupation. For instance, we have broken 
down mine accidents as to timbermen, trackmen, 
haulage crews, and machinemen; in fact, every 
category of underground work, to see what, besides 
roof, was killing our men. The results of this study 
were amazing. For example, we found that there 
were only 11 ways that 98 pct of the trackmen 
in the mines of West Virginia were being killed. 
There were even fewer ways in other mining occu- 
pations. 

It is our intention to set up an accident preven- 
tion course that can be taught very rapidly. It is 
planned to present in one 2-hr session a course on 
accident prevention to each group of workers, one 
for trackmen, one for timbermen, etc. We will give 
this course in simple language. We intend to illus- 
trate with slides, and, when a man has finished his 
2-hr course, he will be given a booklet covering the 
subject matter of the course. 

This will be a slow process since, under our pres- 
ent setup, it is not probable that we can reach more 
than 100 mines a year, and, in West Virginia, we 
have some 2600 coal mines. It is our intention to 
keep a close record on the mines where this instruc- 
tion has been given in order to determine whether 
the instruction has been worthwhile. We believe 
that we will find that it has been. 

In conclusion, let me say that we believe that it 
will be necessary that the top bracket of manage- 
ment be interested in safety and in seeing that the 
safety programs, as set up by their company, are 
carried out. If top management is not sold on safety, 
there is very little chance for safety in coal mines. 
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Air Pollution by Industrial Fumes, Gases, and Dusts 


by Le uls 


McCabe 


The control of dusts and fumes of submicron size is involved in 
many process industries. This paper presents in tabular form the 
quantitative data from a number of metallurgical operations and 
discusses allowable discharge in terms of effluent-weight ratio. 

Typical installations for recovery of stack effluents are cited. 


HERE are many sources of smoke, fumes, gases, 

and dusts that may cause undesirable contam- 
ination in an industrial area. Fumes and gases are 
the result of chemical action or volatilization, while 
dusts are produced in processes of disintegration 
and dispersion. Commonly, smokes are suspended 
particles formed by combustion or destructive dis- 
tillation. Methods for controlling smoke are gen- 
erally known, and great improvements have been 
made in equipment for removing fine dusts and 
fumes from gases 

In most of the industrial centers of the country, 
the chief duty of the air-pollution abatement agency 
is the elimination or reduction of emissions result- 
ing from improper combustion. Correct methods of 
firing, proper fuel selection, and installation of 
properly designed equipment may accomplish this. 
It is becoming more widely recognized that much 
of the contamination of an industrial atmosphere 
is caused by dusts, fumes, and gases that are not 
related to the process of combustion. As such ‘emis- 
sions are usually a functional part of plant opera- 
tion, they rarely can be prevented even by better 
design and careful operation. When dusts, fumes, 
and gases are an integral part of the operation, 
mechanical equipment must be designed to remove 
these emissions. 

Most of the dusts and fumes that should be con- 
trolled are less than 1 micron in size. Control of 
such small particles is largely a new and untried 


field in many industrial areas. However, where 
conditions have been critical, effective control equip- 
ment for dusts, fumes, and gases has been in opera- 
tion for many years. The problem is not one of smoke 
abatement and requires an entirely different set of 
standards for effective solution. Identical standards 
need not be applied to all industrial areas because 
of differences in meteorology, physiography, plant 
location, plant density, and nature of stack effluents. 
In this paper, discussion of control of atmospheric 
contamination by industrial plants refers specifically 
to the Los Angeles area, but the method of approach 
is applicable to any area where similar problems are 
encountered. 

Quantities of particulate matter reported in analy- 
sis of stack effluents indicate the need for standards 
of emission. Many types of dusts and fumes that 
contribute materially to the air-pollution problem 
are discharged into the atmosphere at a lower rate 
than 0.40 grain per cu ft at standard conditions. On 
the other hand, some stacks discharge at a higher 
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Table I. Summary of Data 


Stack Loading 
Grain per Ca Ft at Std. 


Process 
Weight, Process 
Lb per Hr Time 


Type of 
Process 


Red brass 
Red brass 
Red brass 
Red brass 
Yellow brass 102 min 

Yellow brass 90 min 

Brass smelting J 25 hr 

Brass smelting 95 min 

Lead smelting 5, 24 hr 

Steel, open hearth a 8hr 

Steel, open hearth 10 hr 

Gray iron 80 min 

Gray iron 156 min 

Gray iron 320 min 0 
Gray iron Data by outside laboratory 


72 min 
84 min 
152 min 
130 min 


Effiuent 
to Weight 
Ratio, 
Cu Ft 
at Std. 


Hourly 
Max Rate 
of Dis- 
charge, Pet 


Average 
Max Rate 
of Dis- 
charge, Pct 


Max per Hr 


0.393 
0.395 


gene 


> 


Gray iron discharges are constant throughout melt cycle 
Average and hourly rate of discharge are equal 


Steel, electric 130 min 0.306 


1.17 


“Pct, calculated, based on average increase found in the nonferrous industry 


rate, but because of the coarseness of the material 
the nuisance created is limited to the immediate 
neighborhood and perhaps only to the property of 
the company concerned. Much of the characteristic 
blue haze, which contaminates the atmosphere and 
contributes to low visibility, is due to particle sizes 
near the low range of the wave length of visible 
light, that is, 0.3 to 0.5 micron diam. 

It is not possible to separate the industries into 
well-defined groups according to the physical state 
of their stack discharges, but for the purpose of 
Dust: 
metallurgical, clay and rock products. Fumes: food 


this discussion they are grouped as follows: 


processing, fertilizer, paint, 


Gases: refining, chemical. 


roofing and asphalt. 


Dusts and fumes standards now in effect in Los 
Angeles County were developed after a year’s study 
of the stack discharges of representative plants. 
Three or four furnaces are represented in each type 
of metallurgical operation chosen for basic informa- 
tion. The data (table 1) are representative of four 
types of metallurgical industry, namely, the non- 
ferrous, steel, gray iron, and electric iron. The non- 
ferrous operations comprise the largest group nu- 
merically, but in gross tonnage of processed material 
the combined steel industry is larger. 

The development of these standards’ has been 

'L. C. McCabe, A. H. Rose, W. J. Hamming, and F. H. Viets 
Ind. and Eng. Chem. (Nov. 1949) 41. No. 10 
discussed elsewhere; significant factors in their use 
are: 

1. Effluent-Weight Ratio—This is the total vol- 
ume of effluent in cubic feet at standard conditions 
per pound of material processed and indicates the 
average dilution ratio for each plant in a given in- 
dustry. Throughout each industry this ratio tends 
to hold constant. 


2. Hourly Mass Rate of Emission—This is the 
maximum discharge of solid material occurring in 
any l-hr interval expressed as a percentage of the 
total hourly process weight. 

3. Average Mass Rate of Emission—This is the 
average discharge for the entire process cycle ex- 
pressed as a percentage of the total process weight 
per cycle. 

Maximum stack loadings, in grains per cubic foot 
at standard conditions, range from 0.393 in a red- 
brass operation to 2.0 in a steel open hearth. The 
maximum allowable discharge, expressed in pounds 
per hour for selected weights, is presented in tabular 
form in table II. This was done at 50-lb intervals 
up to 20,000 lb per hr and in 10,000-1lb intervals up 
to 50,000 Ib per hr. A further restriction on the 
allowable discharge was made in that it becomes 
constant when 40 lb per hr is reached, regardless 
of the process weight involved. The collection effi- 
ciencies used were those that can be obtained with 
available equipment within the economic reach of 
industry. It was felt the additional cost of high- 
efficiency collection equipment can be carried better 
by large industries; the smaller industries will 
be required, therefore, to operate their collecting 
equipment at 80 pct efficiency and the large indus- 
tries to operate with collection efficiencies of ap- 
proximately 90 pct. 

Open-Hearth Steel: Two pilot installations on the 
open-hearth steel furnaces were completed during 
the year: (1) a venturi scrubber and (2) an electro- 
static precipitator. The pilot tests proved that both 
of these types of equipment will meet Los Angeles 
standards successfully in the collection of fume and 
dust from the open-hearth furnaces. Economics, in- 
volving water and power consumption, are impor- 
tant factors in the system selected. 
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Operating data from one open-hearth is as fol- 
lows: 
a. Average metal charge 


Average lime charge 
c. Average coke charge 


129,498 Ib 


d. Average total charge, Jan. 1 
to June 1,1949 
e. Average heating cycle (start 
of charge to finish tap) 
f Average charge per hr 
. Combination firing 


136,568 Ib 


8.083 hr 
16,900 Ib 
20,000 cfh natural gas and 
72 gph fuel oil 
250 gph fuel oil used 
when on gas 
curtailment 
12,500 to 14,000 cfm at 
standard conditions 


100 pet oil firing 


i. Volume of flue gases 


The temperature of the gases entering the stack 
was approximately 1300°F. 

The dust loading rate in the stack gases was at 
the maximum, 2.00 grains per cu ft at standard 
conditions; the charging average was 0.87 grain per 
cu ft; and the melt-down average was 0.51 grain 
per cu ft. 

The average charge per cycle for the second 
open-hearth plant was 111,000 lb on a 10.25-hr 
cycle. The temperature entering the stack ranged 
from 1100° to 1250°F. The maximum dust loading 
was 1.44 grains per cu ft and the minimum, 0.08 
grain per standard cu ft. The average was 0.60 grain 
per standard cu ft. 

Electric Steel: The fume-discharge problem of 
the electric steel furnace was solved by using a hood 
system, which utilized a limited amount of air and 
discharged through a wet dynamic precipitator. 
Operating installations of this type of equipment 
were placed in use during the year, and tests proved 
these units to be most satisfactory. 

Gray Iron: This division of the metallurgical in- 
dustry is farthest from a solution of its problem. 
Tests in cooperation with the Air Pollution Control 
District were made in an effort to determine charac- 
teristics of the effluent discharges from the cupolas. 
As a result of these tests, the District believes that 
this problem will be solved through the application 
of equipment similar to that employed in the steel 
industry. 

Nonferrous Industry: Three types of collection 
equipment have been tried with varying success on 
the submicron fume discharge encountered in this 
industry. Modified wet scrubbers and mechanical 
separators were discarded as unsatisfactory. Filter- 
type collectors, however, proved satisfactory when 
proper hooding was employed. Changes in operat- 
ing techniques were also tried with limited suc- 
cess. Furnaces were slagged throughout the entire 
operating cycle, including the pouring phase. On 
alloys of moderately low zinc and lead content, this 
method was most satisfactory. As the lead and zinc 
content increases, the slagging technique appears to 
be less effective. It is probable that collection equip- 
ment will be required in the high zinc alloy opera- 
tions. 

Special air-pollution control methods are required 
in a wide variety of industries such as rendering 
plants; chemical fertilizer plants; chromate manu- 
facturing; varnish, paint, and resin plants; deter- 


gents; vegetable-oil processing; oil refining, sulphur 
production; acid plants, paper coating; and food 
processing. 


Table Il. Maximum Allowable Discharge per Hour 


Pre- Allew- Pre- Allew- Preo- Allow- Pre- Allow- 
cess able cess able 
Disch. 
per Hr 
(Lb) 


30,000 
40,000 
50,000 


Where the process weight falls between the figures stated, the 
values of allowable discharge per hour will be interpolated. In no 
case will particulate matter in excess of 40 Ib per hr be allowed to 
emit from any one source 

Process weight shall be defined as the total weight of raw ma- 
terials or materials entering the process net weight of finished 
product. Solid fuels charged will be considered as part of the 
process weight but liquid and gaseous fuels and combustion air 
will not 

In continuous operation, the average rate of feed shall be used 

In batch operation, the total batch weight divided by the oper- 
ating time of a batch cycle shall determine the process weight per 
hour 


In the rendering industry, as in others where 
odors are the chief air-pollution problem, much 
progress has been made. Among the methods used 
for odor reduction were incineration, wet scrubbing, 
and chemical treatment by proprietary formulas. 
Incineration is proving to be by far the most suc- 
cessful and practical method. Removal of odors by 
wet scrubbing has been used successfully in the 
ammonia-odor nuisance but is generally limited to 
odors of a water-soluble nature. The method has 
been used also in the varnish cooking industry. An 
experimental installation was made by one render- 
ing plant for neutralizing odors by means of a 
chemical additive in the effluent gases. This proved 
to be unsuccessful and was abandoned in favor of 
incineration. 

During 1949, the Hancock Chemical Co. built a 
plant at Long Beach for converting hydrogen sul- 
phide to sulphur. This plant is presently producing 
50 tons of sulphur from H.S delivered by three re- 
fineries and is expanding its facilities so that it can 
process hydrogen sulphide from three additional 
major refineries. Prior to construction of the Han- 
cock plant, this hydrogen sulphide was burned as 
fuel along with the other refinery gases, and the 
sulphur dioxide produced was released to the atmos- 
phere. 

Some pilot-plant work is being done on ultrasonic 
methods of agglomerating and recovering dusts and 
mists. Fume problems in the coffee-roasting industry 
can best be solved by incineration. One installation 
has been made to test the design factors used in 
construction. 
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Drying Fine Coal in the Entrained and Fluidized State 


F. Parry and E. O. Wagner 


This paper summarizes investigations during 1949 on three pilot plants 
for drying low-rank fine coal by entrainment in hot gases. Detailed operat- 
ing results on processing seven coals having moisture ranging from 24 to 
62 pct, formulas and data for calculating performance of large units, 
and general conclusions on the problem of drying fine coal are presented. 


HIS paper presents a summary of investiga- 
tions by the Coal Branch of the Bureau of Mines 
during 1949 on the removal of internal moisture 
from low-rank coals by processing them in the en- 
trained and fluidized state. A paper on this subject, 
giving a summary of the early work, was presented 
at the 1949 AIME annual meeting’ and gave a the- 
'V. F. Parry, J. B. Goodman, and E. O. Wagner: Drying Low- 
Rank Coals in the Entrained and Fluidized State. Trans. AIME 
184, 89-98; Min. Eng., April 1949 
oretical discussion of the time and heat required to 
dry various sizes of low-rank coal. The investiga- 
tions on two pilot plants were presented in the 
foregoing paper. During 1949, three additional pilot 
plants were built to study phases of the drying 
problem and to investigate different techniques of 
handling fine coal in the entrained and fluidized 
state. The present paper gives operating data on the 
new units and presents detailed data on the drying 
of seven coals having bed moisture ranging from 
62 to 24 pct. 

The problem of removing surface moisture from 
fine coal is principally one of heat exchange and 
dispersion of the coal particles so that heat can 
reach the liquid moisture to permit evaporation, and 


V. F. PARRY, Member AIME, is Supervising En- 
gineer, and E.O. WAGNER is Chemical Engineer, Coal 
Branch of Region IV, Bureau of Mines, Denver, Colo. 

AIME New York Meeting, February 1950 

TP 2905 F. Discussion (2 copies) may be sent to 
Transactions AIME before Oct. 31, 1950. Manuscript 
received Jan. 18, 1950. 

Papers by authors on the U. S. Bureau of Mines staff 
are not subject to copyright. 


it does not involve the factors of size and time of 
contact to any great extent. If enough heat can 
reach the surface of the particles at temperatures 
higher than 250°F, moisture evaporates almost in- 
stantly, and the factors of time and size are of sec- 
ondary importance compared with the factors of 
heat balance and dispersion of the coal. Therefore, 
it does not appear to be necessary to employ a 
fluidized bed when removing surface moisture, and 
the most efficient process would be one in which 
the coal particles are entrained in a hot gas stream 
of optimum temperature traveling at a velocity 
that causes the particles to disperse into a low- 
density phase. 

When low-rank coals are dried, the fluidized bed 
is necessary to provide control of time of contact. 
This is done by adjusting the superficial velocity 
which controls the density or dispersion of the par- 
ticles. The density of beds having fluidized proper- 
ties suitable for drying low-rank coals appears to 
range from about 5 up to about 15 lb per cu ft. 
When the density is below 5 lb per cu ft, which 
represents a low-density phase, optimum condi- 
tions for removal of surface moisture should be 
found, and this requires superficial velocities of 
about 15 fps. 

The problem of removing bed moisture from low- 
rank coals involves consideration of size of coal, 
temperature, mass flow, heat balance, pressure, time 
of contact, and method of dispersing the coal in the 
heating mediums. The experimental work presented 
here gives data on these factors. Coal sizes up to 
ly in. x 0 were dried with hot gases having initial 
temperatures ranging from 1900° to 2400°F. Coal 
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was fed pneumatically and by screw conveyors, and 
the time of contact in the drying column ranged 
from 19 to 230 sec. 

The principal object of the experimental work 
cited in this report was to ascertain the relationship 
of the various factors affecting the drying of fine 
low-rank coals containing various amounts of 
natural bed moisture. A few experiments were 
made on the removal of surface moisture, but the 
results are not presented as they were not conclu- 
sive, and additional work on optimum temperature 
of hot gases is necessary before results on this 
problem can be reported. 


Summary and Conclusions 


This report presents results of experimental work 
on the fluidized drying of low-rank coals from 
Colorado, Wyoming, Alaska, Texas, and Greece, 
which contain 24 to 62 pct natural bed moisture. 
They were processed in three pilot plants to find 
optimum conditions for removing 90 to 95 pct of the 
moisture. The factors of temperature, time of con- 
tact, heat balance, and size were studied, and two 
methods of dispersing the fine coal in the fluid 
stream were employed. 

The fluidized process for drying fine coal has been 
under investigation for about two years by the Coal 
Branch of the Bureau of Mines at Denver, Colo. A 
preliminary report on the work was presented at 
the 1949 annual meeting of the AIME. The main 
features of the drying process are described as 
follows: 

Hot gas under moderate pressure is generated in 
a combustion chamber by the combustion of pul- 
verized coal or gas. The temperature of the hot 
gases issuing from the burner is regulated by re- 
circulating inert products of combustion to reduce 
the free-oxygen content and to produce a tempera- 
ture suitable for drying the coal. This hot gas is 
jetted at velocities of about 80 fps into a drying 
column or heat-transfer zone where it contacts the 
fine coal and creates a fluidized or entrained mixture 
of gas and coal in which heat exchange occurs 
rapidly to evaporate the moisture. The mixture of 
hot gases and fine coal moves upward in an en- 
trained and fluidized condition to suitable cyclone 
separators, where the dried coal is deposited and 
the moisture vapor is discharged. Part of the dis- 
charged gases is recirculated to control the tempera- 
ture and velocity of the gases in the drying column. 

This process causes extremely rapid rates of heat 
interchange between the hot gases and coal particles 
and results in maximum thermal efficiency. The 
time required to pass the coal through the system 
ranges from about 20 to 230 sec, depending upon 
the size of the coal treated. 

Experimental work on various sizes and ranks 
of coal dried under various conditions in three pilot 
plants supports the following general conclusions: 

1. The capacity of a fluidized drying unit is 
expressed approximately by the following empirical 
formula, which shows the relationship of the major 
variables: 


M, 


where C lb of raw coal per hr per sq ft, 

S = mean superficial linear velocity of the 
hot gas and vapors in the column at 
the temperature and pressure of the 
system, ft per sec, 


T, = temperature of hot gases jetted in- 
to the raw coal, °F, 
M, = moisture content of the raw coal, pct. 


The foregoing formula was derived for a mixture 
temperature of 300°F and it assumes that 93 pct of 
the moisture in the coal is removed. The capacity 
of a drying column is directly proportional to the 
linear velocity and nearly directly proportional to 
the temperature of the hot gases while being in- 
versely proportional to the moisture content of 
the coal. 

2. For the average range of coals tested, the 
practical capacity of a drying unit is about 500 lb 
of moisture liberated per hr per sq ft. This means 
that if 20 pct of moisture is liberated from a coal, 
the capacity of the unit should be about 2500 Ib 
per hr per sq ft, whereas if 35 pct moisture is 
liberated, the capacity will drop to about 1430 Ib 
per hr per sq ft of drying-column area. 


Fig. 1—No. 3 pilot plant for drying low-rank coal 
in fluidized state, Denver, Colo. 


3. The efficiency and capacity of the fluidized 
drying system increase in almost direct proportion 
to the hot gas temperature, however, the practical 
limit of temperature is around 2000°F because 
temperatures higher than 2000°F promote the 
formation of ash deposits near the jets. Tempera- 
tures as high as 2500°F were studied with good 
operation except for the formation of ash deposits 

4. Coals having high bed moisture can be jetted 
with high-temperature gases with virtually no effect 
on the coal substance when 90 pct of the moisture 
is liberated. When all of the moisture is liberated, 
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Fig. 2—No. 4 pilot plant for drying fine coal, 
Golden, Colo. Capacity 2400 Ib per hr. 


some devolatilization of the coal substance occurs, 
depending upon the temperature of the niixture 

5. The thermal efficiency of the fluidized drying 
process is 90 to 93 pet, excluding radiation and with 
no recovery of heat from the dried coal. In the small 
pilot plants, the overall thermal efficiency ranged 
from 73 to 85 pct because of the considerable radia- 
tion. However, in a large drying unit, the overall 
efficiency should approach 90 pct. 

6. The density of the coal and gas mixture in the 
drying column is controlled by the superficial veloc- 
ity and the size distribution of the coal particles 
With equal velocity, the density of the mixture will 
increase with the average size of coal treated and 
this increases the time of contact 

7. Considerable degradation of the coal particles, 
caused by rapid evolution of moisture and shrinkage 
of the coal, occurs in the drying column. The 
measured degradation in average size ranged from 
15 to 81 pet when Alaskan subbituminous coals and 
Greek lignites were treated. In general, the amount 
of degradation approximately equals the bed mois- 
ture of the coal treated, but the size of the particles 
and physical structure of the coal have some bear- 
ing on degradation. 

8. It has been demonstrated that it is feasible to 
dry any coal completely and to effect devolatiliza- 
tion of the coal in the fluidized system. The amount 
of heat transmitted to the coal particles governs the 
extent of drying or devolatilization. There appears, 
however, to be an optimum point in removing bed 
moisture, taking into account capacity and estimated 
cost of removing moisture. A_ disproportionately 
longer time is required to remove the last traces of 
moisture, and the capacity decreases. It appears 


feasible to reduce the moisture in any coal to 2 to 5 
pct while attaining maximum capacity and efficiency. 

9. The size of the coal particle automatically 
regulates the time it will remain in the fluid sys- 
tem—the smallest dust particles evidently move 
with the gas at the same superficial velocity and, as 
the particle increases in size, it is carried less 
rapidly by the gas owing to its increased weight and 
drag. This conclusion is indicated from measure- 
ments of pressure drop and the residual moisture in 
different sizes of treated coal. The size distribution 
of the coal particles also affects operation of the 
fluid bed. A preponderance of large pieces will 
clog the column, and it seems necessary to float the 
larger pieces with adequate fine material. 

10. The drying of a given coal to any degree is 
a straightforward heat-balance problem. The heat 
required to evaporate the moisture and raise its 
temperature to the mixture temperature plus the 
sensible heat deposited in the dried coal up to the 
mixture temperature is balanced against the sensible 
heat of the drying gas between the high and mix- 
ture temperatures. This gives the heat balance of 
materials excluding radiation. The extra sensible 
heat from the hot gas to supply radiation is then 
calculated. The unit quantity of materials thus cal- 
culated is then fed to the system at predetermined 
rates to establish the desired superficial velocity. 

11. The dried coal dusts are free flowing because 
of the low moisture content. Although the compacted 
bulk density ranges from 45 to 56 lb per cu ft, the 
normal angle of repose of the coal is approximately 
45°. The dried dusts flow through orifices by gravity 
at rates similar to the flow of liquids; for example, 
the flow of dust, in pounds per minute, equals 14.5 
D*™, where D is the diameter of the orifice in inches. 
When the dust is discharged through a 7-ft long 
pipe, the rate of discharge is approximately four 
times greater than through an orifice of equal 
diameter. 

12. It is estimated that the investment cost of 
fluidized drying units should be in the range of $150 
to $200 per ton of daily capacity, depending upon 
the moisture content of the coal. The cost of drying 
a lignite to remove 670 lb of moisture per ton is 
estimated at $0.286 per ton. It is indicated that 
the unit cost of removing moisture should range 
from $0.85 to $1.00 per ton of water removed. 


Experimental Work, Description of Pilot Plants 


The No. 3 pilot plant is shown in fig. 1. The object 
in building this unit was to prepare samples of dried 
coal for briquetting tests and to study some of the 
problems of handling and cooling of dried fine coal. 
In this unit, coal was fed pneumatically to the dry- 
ing column from a weighing and charging system 
described in the previous paper. The separating 
cyclones were about 19 ft above the ground level 
and connected to a dry-coal cooler through which 
the hot, dried coal moved to the coal receiver. The 
mixture of gas and air going to the combustion 
chamber circulated through the cooler. In the cyclone 
separator, three small cyclones were used for dust 
separation. This vessel was insulated to avoid con- 
densation of steam, which had a concentration of 
about 50 pct in the waste gases. 

The fine dust in the waste gas passing the primary 
cyclone separators was sent through an electrostatic 
precipitator. This unit did not function very satis- 
factorily because of shorting out caused by con- 
densation, but when operating without shorting, the 
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collection of dust was satisfactory. Part of the waste 
gas was drawn back through a water scrubber to 
supply recycled products of combustion for the 
heating system. 

A larger drying unit was constructed to study sev- 
eral factors of operation and to treat large batches 
of coal. This No. 4 plant is shown in fig. 2. The basic 
principles of operation employed in other units were 
incorporated in this plant, but the capacity was 
quadrupled, and provisions were made to gain fur- 
ther experience in handling materials. 

The raw crushed coal was stored in a large 
cylinder suspended on a dynamometer. A screw 
feeder driven by a variable-speed motor was at- 
tached to the cone of the cylinder and transferred 
coal into the line feeding the drying unit. A jet of 
products of combustion moved the fine coal through 
the 114-in. id conduit to the drying column. The 
distance between the feeder and the dryer was about 
30 ft. This coal feeder handled '4-in. coal at any 
desired rate up to 3000 lb per hr, but the transfer 
conduit and the’ carrying gas were adjusted to pro- 
vide 1 to 2 cu ft of gas per lb of coal at a velocity 
of about 75 ft per sec. 


Table I. Calculation of Drier Operation 


Test No. 


Moisture to be removed from coal 

pet, 
Moisture in raw coal, pet, (M)) 
Moisture in dried coal, pet cale., (M») 
Improvement ratio (100 Me) 

(100 (R) 2.263 
Moisture removed per lib of coal, 

1 , (X 0.558 

Dried coal per Ib of raw coal, (1 xX) 0.442 


Temperature of combustion gases (de- 
(Ti) 


veloped}, 2,250 2,100 
Temperature of combustion gases 
(theoretical flame), 1* 2,500 2.400 
Temperature at top of drying coluran, 
F, (Te) 300 275 
Temperature of dried coal, “F, (Ts) 275 250 


Superficial velocity in column, ft per 
sec, at Ty and P, 10 
Heat required to dry coal, Btu per Ib 
Latent heat in moisture evap 
1058X 
Sensible heat in steam, 60°F to T 
Sensible heat in dried coal, 60°F 
to T 


Total heat required excluding 
radiation, (H 


Sensible heat in POC®* at 
cu ft (from chart) 

Sensible heat in POC at T», 
cu ft 


Btu per 


Btu per 


Heat transferred to coal, Btu pet 
cu ft, (He) 


POC required H\/H., cu ft per Ib of 
coai 
Volume of moisture liberated 21x 


Total gas and vapor in column, cu 
ft per Ib coal, ‘V;) 
Volume of total gas at T, and P, cu ft 
per ib coal, (V2) 


Drver capacity, lb per hr per sq ft 
S x 3600/V 


Gas required 
Overall efficiency of drier, 
assumed, (E 0.85 
Net heat required H,E 
Btu per Ib coal, (Hs! 795 
Cu ft of gas per Ib of coal 
Hs per 880 0.904 
Air required 10 x gas cu ft per Ib 9.04 
POC recirculated (from combustior 
chart) 4.20 


*The theoretical flame temperature is 200° to 350°F higher than 
the developed temperature, depending upon the design of the com 
bustion chamber 

* Products of combustion 

A combustion chart is calculated for gas or coal showing the 
ratio of air POC vs. theoretical flame temperature when burning 
with 10 pet excess air 


Fig. 3—No. 5 pilot plant for drying coal, Golden, 
Colo. 


In the No. 4 plant, a turbo blower was used to 
«+ 7 the gas and air to the combustion chamber. This 
int.oduced the factor of constant pressure on the 
system, which caused a little trouble. The pressure 
drop or resistance through the drying column varies 
somewhat, and with constant pressure available, the 
flow will vary with the resistance, resulting in pul- 
sations during operation. However, the No. 4 unit 
performed very well, particularly on the light- 
density fluid beds. 

In this plant a primary separator consisting of a 
plain cylinder with tangential inlet and center off- 
take was installed. About 99 pct of the dried product 
was caught in this separator with little pressure 
drop. The off-gas passed through a single cyclone 
separator where fine dust, down to about 10 microns, 
was separated with a pressure drop of 4 to 6 in. of 
water. 

The grid above the combustion chamber of the 
No. 4 plant was constructed of plastic refractory 
approximately 1% in. thick with twenty-nine 5% -in 
holes cast in a circular pattern. The lower 12 in. of 
the drying column was lined with refractory, but 
the upper section was a plain 12-in. steel tube in- 
sulated on the outside. 

The No. 5 pilot plant, illustrated in fig. 3, was 
constructed to study the factors of size and degrada- 
tion and also to provide a simple unit for testing 
various coals. The drying column and combustion 
chamber used in plant No. 3 were incorporated in 
this unit, the feeding system was changed to a screw 
feed from a closed hopper, and a simple primary 
separator similar to the one employed in the No. 4 
plant was included. The perforated grid above the 
combustion chamber was made of '4-in. alloy plate 
drilled with thirty-six 17/64-in. holes. A constant- 
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Fig. 4—-Temperature data for test 30-B, pilot plant 
No. 5. 


volume gas pump was used for introducing the gas 
and air mixtures into the combustion chamber under 
pressure. 

The No. 5 plant has advantages for testing the 
drying characteristics of small batches of coal up 
to 1000 lb and is useful for research on the several 
factors affecting drying. Its operation is quite simple. 

Operating Procedure: The procedure in making 
tests is approximately the same on each of the pilot 
plants and is described as follows with respect to 
plant 5, fig. 3: 

The coal to be dried is prepared by crushing in 
a hammermill to the desired size. For routine tests, 
% in. x 0 size is employed. The coal is sampled to 
determine its size and analysis and then weighed 
and placed in the charging bin. The combustion 
chamber is heated up to about 1700°F by burning 
a mixture of air and gas, and when the 1700°F tem- 
perature is reached, recirculation of products of 
combustion is begun and the furnace temperature 
raised to about 2000°F. The coal feed is then started, 
and the desired rates of feeding and heat supply are 
adjusted. The system soon comes into balance, which 
is maintained for the period of the test. The length 
of a test ranges from 1 to 5 hr, depending upon the 
rate of feed and object of the test. 

During the balanced period, routine operating 
data are recorded periodically. The temperatures in 
the combustion system and drying column are re- 
corded continuously, and the pressures in various 
places, P-1 to P-5 of fig. 3, are determined by direct 
reading with a portable, water-filled U-gauge. The 
dried product is removed at regular intervals to de- 
termine the rate of yield and to test for moisture 
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Fig. 5—Temperature data for test 29, pilot plant 
No. 5. 


removed. When the coal feed stops, the gas circula- 
tion is shut off, and all dried coal recovered is 
weighed and sampled for a material balance. 

Before a test is started, theoretical heat and ma- 
terial balances are calculated to establish the de- 
sired rate of coal feed, the temperature and velocity 
of gases in the column, and rates of air, gas, and 
POC (products of combustion). This calculation is 
shown in table I, which gives typical calculations 
for two plants and two coals. 

The approximate quantities of air, gas, and coal, 
calculated as shown, are then fed to the plant. The 
unit soon comes into operating balance, and the 
established rates of feed are not changed. Figs. 4 and 
5 show the history of temperatures during typical 
balanced periods when operating plant No. 5. 

Results of Tests: Approximately 40 tests have 
been made on the four fluidized drying units to study 
various problems of drying different grades of fine 
coal. Table II presents results of 14 tests showing 
typical experimental and operating data for seven 
different coals in plants 3, 4, and 5. 

The static pressures in the combustion chamber 
and the pressure drop across the drying column are 
shown in table III. The chemical and physical prop- 
erties of the coals before and after drying are shown 
in table IV. 

Discussion of Results: Experience from operation 
of the three pilot plants on several grades and ranks 
of coal has shown that the fluidized drying process 
is relatively simple. The operation of the units co- 
incides quite closely with theoretical operation as 
indicated by comparing the calculated data in table 
I with the experimental data of table II. It is con- 


TAY 


Table I. Summary Data on Drying of Subbituminous Coals and Lignites 


Pilot plant a) 3 3 3 8 3 4 4 
Test number ~ 42> 10-A 18 


Sube Subec Lignite Lignite Sube Lignite 


ree ™ Alaska Wyoming Texas Greece Celerade Texas 


Rank of coal (3) 


Materials and moisture data 


Coal charging rate, |b per hr Ww (5) 345 332 277 273 2 1,166 
Coal charging rate, lb per hr per sq ft ‘6 1,716 1,652 1,378 1,358 1,303 1,485 
Moisture in raw coal, pet (as charged) (7) 24.8 25.8 32.6 37.6 473 39.2 
g Moisture in dried coal, pct ‘8 4a 42 40 46 9.0 3.4 
Dry coal recovered, total lb per hr W: ( 9) 269 256 194 17 151 727 
Improvement ratio by weight loss Re (10) 1.283 1.297 1.428 1.534 1.735 1.604 
Improvement ratio by moisture determination Rea il) 1.271 1.291 1.424 1.529 1.727 1.589 
Ultimate improvement ratio t (12) 1.330 1.348 1.484 1.603 1.898 1.645 
Degree of drying, pct D (13) 85.9 87.3 91.3 92.0 89.0 94.5 
Dust loss, pet = L (14) 09 0.5 04 o4 0.5 og 
Inert gas used for moving coal, cu ft per Ib (15) 1.6 22 2.6 27 3.3 1.8 


Heating system data 


Natural gas used, cfh (60-30 dry) (16) 156 161 176 163 197 760 723 
Heat supplied, MBtu per hr, net aij) 137.3 141.7 1549 143.4 173.4 668.8 636.2 
Air used with gas, cfh (60-30 dry) (18) 1,536 1,656 1,986 1,622 1,896 7,584 7,406 
Heat supplied per Ib of raw coal, net Btu (19) 398 427 559 525 662 398 546 
Hot gas used to dry coal, cu ft per lb (20) 94 11.5 14.2 13.9 16.4 9.1 12.7 
Products of combustion recirculated, cfh (21) 974 1,246 1,015 1,242 1,319 4.686 4,561 
Analysis of gases leaving column 
pet (22) 38.6 35.1 36.8 40.1 40.9 4i9 4.0 
COs, pet (23) 6.9 69 6.1 6.7 6.8 6.4 6.1 
Os, pet (24) 0.7 14 2.5 08 04 08 11 
Na, pet (25) 53.8 56.6 54.6 52.4 51.9 50.9 48.8 
Mass gas velocity in column, lb per hr per sq ft (26) 1,597 1,827 1,897 1,909 2,187 2.010 1,992 
Mean superficial! velocity in column, ft per sec (27) 112 12.4 142 13.5 16.7 14.6 42 
Contact time of coal, sec* (28) 117 122 153 160 174 42 i 


Temperatures in system 
Theoretical flame, 


Combustion chamber,’F, (Point 1) (30) 2,070 1,915 2,005 1,950 2,080 
Bottom of column, “F, (Point 2) (31) 290 285 360 345 450 
Top of column,*F, (Point 3) (32) 275 270 335 300 285 
Gas outlet from primary separator, °F, (Point 5 or 6°) (33) 260 255 280 250 240 
Coal in receiver, *F (34) 225 225 245 215 


Heat balance 
Net heat used, Btu per Ib of raw coal charged* (35) 321 346 465 498 620 363 498 } 
Net heat required to dry coal, Btu per Ib of raw coal (36) 298 315 418 459 558 327 464 

Drying efficiency, excluding radiation, pct (37) 92.8 91.0 89.9 92.2 90.0 90.1 93.2 
Overall efficiency, pet (38) 749 73.8 748 87.4 84.3 82.2 85.0 


Pilet plant 


30-B S1-A 32-A 


Test number «2) 19 21 
Rank of coal (3) Sube Lignite Sub« Sube Lignite Lignite Lignite 


Greece Greece Texas 


Greece Celorade Colorad 


Source 


Materials and moisture data 


Coal charging rate, Ib per hr Ww ( 5) 1.464 810 349 409 196 232 
Coal charging rate, lb per hr per sq ft ‘(6 1,865 1,032 1,736 2,035 975 1154 
Moisture in raw coal, pet (as charged) ‘7 w2 58.8 24.0 24.8 46.0 37.6 
Moisture in dried coal, pet ( 8 3.2 6.8 3.5 22 74 5.2 
Dry coal recovered, total Ib per hr uM“ ( 9) 1,053 354 273 313 114 149 
Improvement ratio by weight loss Re (10) 1.390 2.288 1.278 1.307 1.719 1.557 
Improvement ratio by moisture determination Rw (11) 1.387 2.262 1.270 1.301 1.715 1.519 
Ultimate improvement ratio l (12) 1.433 2.427 1.316 1.330 1.852 1.603 
Degree of drying, pct D (13) 92.3 949 88.5 93.2 90.6 90.8 
Dust loss, pet L (14) 02 12 07 0.4 03 2.5 
Inert gas used for moving coal, cu ft per Ib (15) 1.5 26 none none none none 


Heating system data 


Natural gas used, cfh (60-30 dry) (16) 707 749 147 212 146 146 150 
Heat supplied, MBtu per hr, net (17) 622.2 659.1 129.4 186.6 128.5 128.5 132.0 
Air used with gas, cfh (60-30 dry) (18) 7,500 7,420 1,470 2.122 1,449 1.449 1,501 
Heat supplied per Ib of raw coal, net Btu (19) 425 814 371 456 783 656 569 
Hot gas used to dry coal, cu ft per Ib (20) 98 17.4 69 8.6 16.5 12.2 10.5 
Products of combustion recirculated, cfh (21) 3,938 3,813 762 1,168 737 783 774 
Analysis of gases leaving column 
H.O, pct (22) 43.5 46.7 47.0 43.4 50.5 492 47.8 
. COs, pet (23) 5.9 6.0 5.9 6.2 5.5 5.7 5.8 
Ox, pet (24) 15 0.7 08 og 0.7 0.7 o8 
Ne, pet (25) 49.1 46.6 46.3 49.5 43.3 44 45.6 
Mass gas velocity in column, Ib per hr per sq ft (26) 1,917 1,939 1,266 1,791 1,299 1,303 1,308 
Mean superficial velocity in column, ft per sec (27) 13.3 49 91 13.8 9.8 92 92 
Contact time of coal, sec* (28) 19 144 111 205 231 182 


Temperatures in system 


Theoretical flame, °F 2.5 

Combustion chamber, °F (Point 1) (30) 2,140 2,240 2.120 2,110 2,125 2,100 
Bottom of column, °F (Point 2) (31) 400 990 400 $15 260 270 
Top of column, °F (Point 3) (32) 280 410 $35 285 235 240 
Gas outlet from primary separator, “F ‘Point 5 or 6° (33) 270 310 $05 250 225 225 
Coal in receiver, °F (34) 230 235 405 200 220 225 


Heat balance 


Net heat used, Btu per Ib of raw coal charged (35) 380 738 307 367 783 532 456 
Net heat required to dry coal, Btu per Ib of raw coal (36) 355 684 281 322 715 494 419 
Drying efficiency, excluding radiation, pet (37) 93.4 92.7 915 87 91.3 92.8 919 
Overall efficiency, pet’ (38) 83.5 84.0 75.7 70.6 79.0 75.3 73.6 


« Calculated for plant 3 assuming average bed density of 10 lb 
per cu ft. Other tests calculated on basis of pressure drop 

> Point 5 for pilot plants 3 and 4 and point 6 for pilot plant 5 
Total net heat excluding radiation 

¢ Excludes radiation 

¢ Includes radiation 
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Fig. 6—Capacity of drying column on ', in. x 0 coal. 


cluded that the probable performance of any unit 
on any low-rank coals can be calculated in advance. 

The data in table II indicate that the maximum 
practical superficial velocity to achieve 90 to 95 pet 
moisture removal from %%4 in. x 0 coal is approxi- 
mately 15 fps. Considerably higher velocities can be 
attained by reducing the percentage of drying, but 
for best practical results, superficial velocities be- 
tween 10 and 15 fps appear to be desirable. 

The rapid rate of heat transfer between the hot 
gases and the fluid bed is shown by comparing tem- 
peratures at points 1 and 2, shown in table II. In a 
distance of less than 6 in., the temperature of the 
gases drops nearly 1800°F, indicating almost instan- 
taneous evaporation of the moisture from near the 
surface of the particles. The nearly uniform tem- 
perature of the fluid bed is characteristic, but there 
is a slight decrease in temperature toward the top 
of the column. 

Despite the rapid exchange of heat and the high 
initial temperature of the hot gases, very little 
change occurs in the coal substance when removing 
90 pet of the moisture. This is illustrated by the 
analysis of coal before and after drying, as shown 
on the moisture- and ash-free basis in the data of 
table V. There is a slight but insignificant reduction 
in volatile matter averaging about 0.5 pct. The heat- 
ing value of the coal substance shows very little 
change, the average heating value increasing from 
12,340 to 12,388, an increase of 0.39 pct. The slight 
devoiatilization and increase in heating value indi- 
cates some liberation of CO., which is one of the 
first products of thermal decomposition of coal. By 
increasing the bed temperature to effect 100 pet dry- 
ing and further devolatilization, the heating value 


Table Il. 
Static Pressures in Drying Pilot Plants—Inches HO 


Point Point 4, Drying 


Plant = Test Com- Top of Column Riser 
No. Ne bustion Drying Differ- Diger- 
Sereen ential 
Chamber Column ential 
3 8 5.5 40 0.7 
9-A 5 3.5 0.7 
3 10-A 13 9.5 0.3 
3 11-A 15 11.5 02 
3 14 17 10 95 05 1.0 
4 17 18 116 90 2.6 14 
4 18 20 12.0 95 2.5 15 
4 19 20 9.2 8.5 0.7 11 
4 21 19 118 10.8 1.0 2.0 
5 22-A 19 13 3 10 02 
5 29 22 16 7 4 0 
5 30-B 14 1 5 6 0 
§ 17 13 4 
5 32-A 19 15 7 8 1 
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of the treated coal can be substantially increased 
through liberation of CO,. 

The theoretical performance of a fluidized drying 
unit, when operating at a superficial linear velocity 
of 12 fps at sea level, is shown in fig. 6. In this figure, 
no radiation is considered and 93 pct of the moisture 
is liberated. The effect of moisture in the coal and 
the temperature of the initial gases is clearly shown 
by this graph. 

Attention is called to the degradation of the coal 
during drying. The initial size of the particle and 
the amount of moisture in the coal influence the 
extent of degradation. Reference is made to tests 
22-A and 29 in table IV on a Colorado subbituminous 
coal where the degradation is shown to range from 
10.6 to 47.6 pct. Relatively little degradation is suf- 
fered by the '%4 in. x 0 coal used in test 22-A, but 
the ‘2 in. x 0 coal used in test 29 degraded five times 
as much. The excessive degradation of the large size 
is caused by rapid shrinkage of the particle which 
forms big cracks and reduces the strength. The 
agitation in the boiling bed causes the weakened 
pieces to disintegrate. 
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Fig. 7—Flow of ', in. x 0 dry coal dust by gravity 
through sharp edged orifices and vertical pipes. 


The extreme degradation of Ptolemais lignite 
shown in test 30-B is interesting. This lignite has 
an earthy structure, with 62 pct natural bed mois- 
ture. The particles apparently explode when heated 
rapidly. Similar degradation is suffered by the 
Megara lignite and the Texas lignite. It is probable 
that, because of the rapid degradation, these low- 
rank coals might respond favorably in a fluid bed 
with initial sizes of 1 in. x 0 or more. 

The available heat in the several coals before and 
after drying is shown in table IV. The utilization 
factor, which is the ratio between the available heat 
and the gross Btu, is also given. The raw coals have 
utilization factors ranging from 0.65 to 0.81. This 
means that 65 to 81 pct of the gross heat in the raw 
coal can be recovered in an efficient combustion 
system. However, the dried coals have higher util- 
ization factors, ranging from 0.83 to 0.85, which 
means that uniform high efficiencies can be obtained 
from the treated coal. 

The physical properties of the dried dusts are 
similar, which is encouraging for utilization because 
uniformity is an essential factor in efficient plant 
performance. It is indicated that a boiler plant de- 
signed for burning dried low-rank coals would have 


a 
x 
t 
. + + 
\ 
— | 
‘ 3 4 
a 


Table IV. Chemical and Physical Properties of Coals Before and After Drying 


Drying plant number 3 8 ‘ 
Test Number (2) 8 9-A 10-A 11-A 18 
Mine ii (3) Pike View Suntrane Wyodak Sandow Megara Sterling Sandow 
Location ™ Colerade Alaska Texas Texas Greece Colerado Texas 


Kind of coal Sube Sube Lignite Lignite Sube Lignite 


Sube 


Ceondition« 


Proximate analysis, pct 


Moisture (7) 24.8 44 258 32.6 40 37.6 46 473 274 43 34 
Volatile matter 18) 31.9 40.5 | 37.1 47.0 30.0 42.3) 272 415 228 19.2 28.9 39.7, 26.5 409 
Fixed carbon o 37.7 48.0 323 4 32.1 4620 27.1 41.6 15.4 28.3 39.4 50.2, 23.7 39.3 
Ash 5.6 48 5.3 75 K 14.5 23 43 5.8 10.6 164 


Ultimate analysis, pct 


Hydrogen (11) 6.1 5.0 6.6 5.3 70 5.2 7.2 § 7 43 65 5.1 7.0 

Carbon (12) 50.4 642 48.6 63.0 46.1 65.2, 402 616 25.3 45.2 52.6 69.3) 36.5 58.5 
Nitrogen (13) 0.6 0.8 0.6 0.7 0.7 14 08 12 0.5 0.8 12 1.6 07 i2 
Oxygen (14) 37.0 225 393 24.8 40.4 20.1 426 18.3 50.0 218 35.1 17.7) 43.9 17.3 
Sulphur (15) 0.3 0.4 0.1 03 05 06 1.1 16 26 4d 03 05 13 18 


Btu per Ib (gross) (16) 8.470 10,840 8,450 10,900 7,980 11,330 7,000 10,740 4,250 7,590 9,050 
Btu per Ib (net) 17) 7.910 10,380 7,850 (10,420 7,340 10,860 6,340 10.280 3,600 7,200 8,460 
Ash softening temp., °F 18) 2.180 2.310 2.130 2,130 2.130 2.150 


1,970 6,380 10,200 
1.510) 5,740 9.760 


Available heat, Btu per !b* 19) 6,880 9,100 6830 9,160 6,350 9.540 5,440 9,020 2.990 6.260 7,360 10,080) 4,920 8,560 
Utilization factor« 2 0.812 0.839 0.808 0840 0.796 0.842 0.777 0.840 0.704 0.830 0.813 0.842 | 0.771 0.839 


Size consist, cum. pct ret 
On 0.530 in (21) 


Mesh On 0.375 in +22) 
(3) On 0.263 in (23) 
(4) On 0.185 in (24) 
(8) On 0.093 in (25) 01 02 1.5 1.7 05 19 f 
116) On 0.0469 in (26) 20.0 79 21.4 13.5 269 6.1 312 29 18.4 27 22.0 12.1 28.3 5.1 
(30) On 0.0232 in (27) 52.4 40.7 62.4 51.1 60.5 29.1 65.5 24.8 40.5 27.4 54.0 39.7 59.9 30.0 
(50) On 0.0117 in 28) 78.3 73.6 83.7 78.6 81.1 56.6 824 563 602 59.1 77.7 678 827 61.0 y 
(100) On 0.0059 in (29) 89.5 89.8 92.9 92.1 90.6 76.5 903 75.8 73.2 75.8 88.9 aaa 92.6 775 
(200) On 0.0029 in. 5. 97.4 97.5 97.5 97.3 902 950 88.8 85.1 86.9 95.1 45 992 88.7 


Avg size, in (31) 0.031 0.025 0.034 0.029 0.035 0.020 0.038 0.018 0.027 6.018 0.033 0.025 0.037 | 0.020 
Degradation, pct (32) ig4 14.7 52 3. 24.3 45.9 


Bulk density, Ib per cu ft 
Modified ASTM (33) 
Compacted (34) 


+ 
© 
te 
© 
a 


39.6 40.6 414 45.7 43.9 45.9 42.3 
5.8 54.1 52.7 51.6 50.6 55.4 50.9 


cn 


Drying plant number (1) 4 4 5 


Test number «2) 19 22-A SI1-A 
(3) Wyodak Ptolemais Pike View Pike View Ptolemais Megara Sandow 


tien Wyoming Greece Celorade Celerade Greece Greece Texas 


Kind of coal (5) Sube Lignite Sube Sube Lignite Lignite Lignite 


Condition® 


Proximate analysis, pct 


Moisture (7) 30.2 3.2 58.8 6.8 24.0 35, 248 3 74 52 
Volatile matter (8) 31.5 42.2 19.4 43.1 31.1 40.9 $2.0 41.6 18.1 a4 23.5 40.1 27.2 40.8 
Fixed carbon (9) 28.9 41.7 149 33.3 39.3 484 74 49.5 13.5 5.4 16.8 28.8 244 37.8 
Ash 94 12.9 69 16.8 5.6 72 5 5 23.7 162 


Ultimate analysis, pct 


Hydrogen (11) 66 5.0 8.3 48 49 45 } 47 
Carbon (12) 45.1 614 23.0 50.8 64.8 66.1 53.3 45.3 57.1 
Nitrogen (13) 0.6 09 06 1.5 08 0.8 15 0.8 11 
Oxygen (14) 37.5 18.6 60.5 24.9 21.9 212 23.8 21.5 18.8 
Sulphur 5 1 1 4 04 1.3 2.1 


Btu per lb (gross) 10,760 . 11,290 4 
Btu per Ib (net) (17) 7,140 10,300 3,060 8,200 19,490 10,870 8,460 7,290 9.550 
Ash softening temp., °F (18) 


Available heat, Btu per Ib’ (19) 6,170 9.050 2490 7,170 7,210 9.210 6,850 9.580 2,160 7,400 3210 6350 5,060 8,380 
Utilization factor (20) 0.797 0.841 0652 0830 0.816 0.842 0.811 0.848 0.624 0834 0715 0.827 | 0.774 | 0.840 


Size consist, cum. pct ret 


On 0.530 in (21) 3.6 1.1 18 

Mesh On 0.375 in 22) 10.0 1.5 46 47 11 
(3) On 0.263 in 23) 21.0 30 «6128 15.9 0.3 98 o4 
(4) On 0.185 in (24) 12 09 31.0 7.3 270 29.1 06 25.8 19 
18) On 0.093 in (25 19 0.3 46 16.6 11.5 58.2 13.5 53.9 0.5 58.1 46 so.4 14.3 
(16) On 0.0469 in (26) 37.6 14.5 29.4 2.3 46.0 41.3 779 62.9 716 69 75.0 248 776 39.5 
30) On 0.0232 in (27) 70.4 46.4 54.5 244 70.5 68.5 89.4 81.5 82.7 42 85.0 61.1 87.7 66.4 
(50) On 0.0117 in (28) 86.9 73.8 73.5 54.0 86.2 85.4 95.5 91.8 90.9 710 91.7 61.6 93.7 83.3 
(100) On 0.0059 in (29) 93.1 87.2 85.9 71.6 940 93.6 98.0 96.5 95.9 844 954 90.0 969 912 
(200) On 0.0029 in (30) 96.4 94.7 98.9 86.9 98.0 98.0 99.5 99.1 99.6 93.7 97.9 “9 98.7 96.2 
Ave size, in. (31) 0.043 0.028 0038 0017 0.057 0.051 0.166 0.087 0.137 0.025 0.147 0.039 | 0.133 | 0.053 
Degradation, pct (32) 49 85.3 10.6 47.6 818 735 60.2 


Bulk density, Ib per cu ft 
Modified ASTM (33) 447 42.7 35.4 38.7 45.5 “47 42.7 37.7 35.0 “41 42.8 450 40.8 
Compacted 34) 53.0 50.5 48.8 467 52.8 519 50.0 51.4 43.6 519 52.7 50.7 472 


« (1) Before drying; (2) After drying 
* Burned with 30 pct excess air, and stack temperature 500°F 
¢ Ratio of available heat to gross Btu per Ib 
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ae 


Proximate Analysis 


Mine 
| County and State 


Volatile 
Matter 


Fixed 
Carbon 


Pike View 
El Paso County, Colo 


54.1 
54.3 


Suntrana 
Suntrana, Alaska 


46.7 
47.7 


Ow 


Wyodak 
Campbell County, Wyo 


51.8 
52.1 


cn 


Sandow 
Milan County, Tex 


49.9 
50.1 


oe 


Kokkinarea 
Near Megara, Greece 


40.3 
42.1 


Sterling 
Weld County, Colo 


57.9 
55.9 


Sandow 
Milan County, Tex 


47.2 
49.0 


£8 35 


Wyodak 47.9 
| Campbell County, Wyo 50.2 49.7 


Ptolemais area, . 43.3 
Greece 56 43.6 


” Condition: (1) Before drying. (2) After drying 
* At top of column 


uniform operating characteristics despite the source 
of raw coal. 

The dried dusts are free flowing, and since the 
moisture content is lower than the equilibrium value, 
they are hygroscopic and their tendency to pack in 
a bin is reduced provided moisture is excluded. 
Interesting experiments were made on the move- 
ment of dried dusts through orifices and vertical 
pipes. These are illustrated in fig. 7. It is shown that 
the dried dusts move through or:fices similar to 
liquids, and a formula is derived showing relation- 
ship between size of opening and rate of discharge. 
The weight of dried dust that will discharge through 
an orifice per minute is equal to 14.5 D’”, D being 
the diameter of the orifice in inches. Similar experi- 
ments were made to find out how fast dried dust 
will move through vertical pipes. Pipes of various 
lengths and diameters were connected to a bin and 


Fig. 8—Schematic design of drying unit for sub- 
bituminous coal. Capacity 20 tons of dried coal per 
hour. 


Table V. The Effect of Drying as Shown by the MAF Analysis of the Raw and Dried Coals 


Ultimate Analysis 
Drying 
pe Temp., 
Hydro- Nitro- owe 
gen Carbon gen F 


205 So 


12,160 
12,130 


12,850 
12,800 


12,900 
12,910 


11,140 
11,250 


vo BO Cw 


13,250 
13,310 


12.680 
12,710 


12,800 
12,840 


34 


11,110 
11,300 


the discharge measured. It was found that a pipe 
7-ft long had the greatest capacity, and the amount 
of dust, in pound per minute, that would flow 
through a 7-ft vertical pipe from a bin is equal to 
60 D**. In other words, a vertical pipe 7-ft long will 
discharge about four times as much dried dust as an 
orifice of equal diameter. This phenomenon is due 
to the energy developed by the falling particles, 
which entrains gas and acts as a siphon. The 
phenomenon may be employed for efficient handling 
of dried dusts in large plants. 


Commercial Application of the Fluidized 
Drying Process 

Experimental work on several pilot plants has 
carried the investigation about as far as feasible on 
a small scale. The next step is to operate a com- 
mercial-size unit to determine engineering and eco- 
nomic data. Fig. 8 shows a plant designed to dry 30 
tons of Wyoming subbituminous coal per hour and to 
deliver about 20 tons of dried coal per hour. This 
schematic arrangement shows the essential ingredi- 
ents of a plant and indicates the flowsheet and 
quality of materials. 

The cyclone burner for generating primary hot 
gases under pressure may or may not be applicable 
for such service, and some development work would 
be necessary to work out a suitable burner for this 
drying unit. The problem of burning pulverized coal 
under pressure is not difficult, and existing equip- 
ment can be readily adapted to solve this problem. 

The unit illustrated in fig. 8 is estimated to cost 
approximately $100,000. The investment and operat- 
ing costs of three units of this design for processing 
2000 tons of coal per day, when removing 670 lb of 
water per ton, are estimated as follows, in cents per 
ton: investment cost, 7.0; labor and supervision, 6.2; 
power, 4.5; fuel, 9.8; maintenance, 1.1; total, 28.6. 

These estimated costs, which do not include the 
cost of crushing the coal, indicate that moisture can 
be removed from lignite at a cost of about $0.85 
per ton of water removed. The cost will vary with 
the moisture content of the coal treated, but it is 
believed that the unit cost for large commercial 
plants will be in the range of $0.85 to $1.00 per ton 
of moisture removed. 
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Industrial Minerals Division to Hold Three 


Ce news 


Big Regional Meetings in October 


EGINNING on Oct. 12, and continuing through 
Oct. 20, the IMD will hold three regional 
meetings which will bracket the western United 
States. At Norman, Okla., El Paso, Texas, and in 
Los Angeles, the IMD will be ready with good 
technical programs and fine social activities. 


The Norman Meeting 


This regional gathering will be held Oct. 17-20 
at the University of Oklahoma Extension Study 
Center, North Campus, on the north edge of Nor- 
man, just 20 miles from Oklahoma City. At least 
sixteen papers have been scheduled thus far. 
Plans call for an active discussion of the titanium 
papers by men familiar with the occurrence of 
ilmenite deposits. The meeting program appears 
on p. 984. 

Field trips will be made to the Arbuckle Moun- 
tains, south-central Oklahoma, on Thursday and 
Friday, Oct. 19 and 20. The first day will include 
inspection of industrial minerals deposits and 
operating plants, including glass sand, dolomite, 
cement materials, asphaltic rock and crushed 
stone. The second day will be devoted to strati- 
graphic and structural features in lower Paleo- 
zoic sedimentary rocks of the central and West- 
ern Arbuckle Mountains. An alternate trip to the 
Wichita Mountains, to study pre-Cambrian basic 
rocks and titaniferous iron ores, is a possibility if 
there are sufficient registrants. It is important 
that those who wish to make the field trips in- 
form Robert H. Dott, Oklahoma Geological Sur- 
vey, Norman, Okla., as soon as possible. 

No housing problems are anticipated at Nor- 
man, as there are 34 double rooms at the Study 
Center, and 62 rooms available in adjoining 
buildings. Rates are $1.50 to $2 per person per 
night. In Norman, the Norman Court Hotel will 

have rooms available at rates of $3.50 single and 
$2 double. Make your reservations with John B. 
Freeman, Extension Division, University of Okla- 
homa, Norman. 

A banquet will be held Tuesday night, Oct. 17, 
in the dining room at the Study Center—at the 
very reasonable rate of $1.50. 


Rocky Mountain Group Meets at El Paso 


The IMD’s Rocky Mountain regional meeting 
will hold forth in El] Paso over the Oct. 12-14 


week-end, in conjunction with the International 
Mining Days celebration in that city. A series of 
six papers will be presented. The E] Paso Metals 
Section, AIME, will also be represented at the 
three-day celebration, and will hold their Annual 
Banquet on Thursday night, Oct. 12. Over 350 
people attended the banquet last year, and those 
who come in October will again be regaled by the 
top-notch humorist, Jeff Williams, who did such 
a fine job last year. The Rancheros breakfast is 
on the agenda for Friday morning. 

A forty-six man committee is at work in El 
Paso preparing the Mining Days celebration. At 
the top of their list is the Suppliers Party to be 
held on Friday night. For the sports lovers, 
there’s the University of Arizona-Texas Western 
football game, to be played under the lights on 
Saturday night. 


Southern California 


The Industrial Minerals Division will join all 
divisions and branches of the Southern Cali- 
fornia Section in Los Angeles Oct. 12-13. Al- 
though no final program has been set as we go 
to press, it is understood that a paper on the 
Kramer operation of the Pacific Coast Borax Co. 
is scheduled, thanks to some fine work by IMD 
Program Chairman Conrad Thomas. State Geol- 
ogist Olaf P. Jenkins has agreed to present a 
paper on commodity studies in industrial min- 
erals. A contribution on iodine production, and 
one on methods of brine extraction from Searles 
Lake, will also be on the program. 


Programs 


Rocky Mountain Regional Meeting 
Industrial Minerals Division, AIME 


In conjunction with the International Mining Days 
Celebration, El Paso, Texas, October 12-14 


Sinking a Shaft Through Pre-Grouted Ground. 
G. T. Harley 

Transition in Recent Developments in Non- 
metallic Minerals. W. E. Gay 

Fluorspar in Arizona. E. D. Wilson 

Some Features of Perlite in New Mexico. E. 
Callaghan 

Clay in New Mexico. Staff member, U.S.B.M. 
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Industrial Minerais Division 


Norman, Oklahoma, Oct. 17-20 
Technical Papers 


Trends in the Industrial Mineral Development 
of the Southwest. Harold N. Foxhall 

Geology and Industrial Minerals of Oklahoma. 
Robert H. Dott 

Chemical Grade Limestone and Dolomite in 
Oklahoma. Homer Dunlap 

Industrial Minerals of the Arbuckle Mountains, 
Oklahoma. William E. Ham 

Titaniferous Magnetite in the Basic Rocks of 
Wichita Mountains, Okla. Gerald W. Chase 

Geology and Utilization of the Titaniferous 
Magnetites at McIntyre Development, Taha- 
wus, New York. George W. Wunder and Paul 
W. Allen 

Chats in the Tri-State District. Ernest Blessing 

Salt in Kansas. Ear] Nixon 

Specifications for Specific Uses of Limestones 


ANNUAL MEETING COMMITTEEMEN CHOSEN 


Time: February 19-22, 1951 

Place: St. Louis, Mo. 

Headquarters: Hotel Jefferson 

Meetings: Hotel Jefferson and Hotel Statler 


The AIME Annual Meeting will be held in St. Louis, 
Mo. Feb. 19 to 22, 1951, under the General Chairman- 
ship of Howard I. Young. Mr. Young is a director of 
AIME, and president of the American Zinc, Lead & 
Smelting Co. Secretary for the meeting is Fred J. 
Meek, plant engineer of the American Zinc Co. of Il. 


General Committee 
G. C. Bartholomees W. T. Isbell 
O. W. Bilharz J. W. MacDonald 
Gilbert H. Cady John L. McManamy 
W. R. Chedsey Ernest L. Ohle 
James D. Forrester R. J. Piersol 
O. R. Grawe Verne Pulsifer 
A. P. Green N. A. Stockett 
John M. Thompson 


Finance Committee 
Carl G. Stifel, Chairman 
Jules C. George, Vice-chairman 
Fred W. Green 


Smoker Committee 
Herbert A. Franke, Chairman 
Neal Ham, Vice-chairman 
Bernard F. Desloge A. F. Frederickson 
G. S. Jenkins Gill Montgomery 
Paul R. Hamilton H. LeRoy Scharon 
Clyde S. Smith 
Reception Committee 
Carl Tolman, Chairman 
Curtis L. Wilson, Vice-chairman 
Elmer Isern B. F. Murphy 
Harold E. Krueger Victor Rakowsky 
M. M. Leighton J. H. Steinmesch 
James B. Macelwane H. L. Walker 
Welcoming Luncheon Committee 
L. P. Davidson, Chairman 


Banquet Committee 
John D. Kerr, Chairman 
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Fall Regional Meeting 


and Dolomites. Edward Clark and Mabel E. 
Philips 

Geology and Ceramic Possibilities of Wilcox 
Clays of Central Arkansas. Norman F. Wil- 
liams 

Barite Production in Missouri. Garrett A. 
Muilenberg 

Drama of Portland Cement. Cecil Perkins 

Industrial Minerals of Texas. John T. Lonsdale 

Gulf Coast Sulphur an Industrial Mineral. Al- 
bert G. Wolf 

Production of Anhydrous Sodium Sulphate 
from Natural Brines. William I. Weisman and 
R. C. Anderson 

Geologic Setting for Potash Deposits in South- 
east New Mexico. Joe P. Smith 


Dinner Speaker 
Dr. Hugh D. Meiser, USGS. Making 
a Geologic Map of Oklahoma 


The committees have been chosen, and work is un- 
derway to complete all necessary details. 

The major part of the planning will be done by 
members of the St. Louis Section. Papers for presen - 
tation will be selected by the Technical Publications 
Committee. The program schedule will be arranged 
by the Coordinating Committee on Technical Program 
for the Annual Meeting, under the Chairmanship of 
S. J. Swainson. Present plans call for a student 
forum under the guidance of faculty sponsors of 
student chapters. Because of the large program, 
some technical meetings will be held at the Hotel 
Jefferson, and some, including those of the Metals 
Branch, will be held at the Hotel Statler. 


H. A. Bell 
Arthur Bevan 


Bernard F. Desloge 
H. R. Hanley 
James B. Macelwane 


Hotel Committee 
Nat. L. Shepard, Chairman 
Albert J. Frank, Vice-chairman 
F. S. Elfred Mrs. Herbert A. Franke 


Informal Dance Committee 
Kenneth A. Phillips, Chairman 
DeWitt Smith, Vice-chairman 
H. E. Butters H. A. Neustaedter 
Mrs. G. L. Spencer, Jr. 


Field Trips Committee 
Edward L. Clark, Chairman 
Norman S. Hinchey, Vice-chairman 

John S. Brown W. D. Keller 
S. S. Clarke R. G. Knickerbocker 
F. S. Elfred J. E. Lamar 
H. E. Gross Arthur Mallans 
H. R. Hanley Harold A. Neustaedter 
Jack James Frank H. Reed 


Publicity Committee 

Arthur B. Cleaves, Chairman 

H. E. Butters, Vice-chairman 
O. M. Bishop A. B. Campbell 
John S. Brown Harold N. Underhill 

Student Activities Committee 

Curtis L. Wilson, Chairman 

W. R. Chedsey Charles O. Frush 


Albert J. Frank D. R. Schooler 
A. F. Frederickson D. F. Walsh 
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AIME- ASME Fuels Conference Starts Oct. 24 in Cleveland 


The Coal Division, AIME, will join forces with 
the American Society of Mechanical Engineers at 
the Statler Hotel in Cleveland Oct. 24-25 for their 
Thirteenth Annual Fuels Conference. Technical 
sessions will feature more than thirteen papers, 
and two luncheons and a banquet will fill out the 
two-day program. The banquet is set for Tues- 
day night, Oct. 24, at the Statler, and will be pre- 
ceded by a cocktail hour. 

Top-notch luncheon and banquet speakers 
have been procured, with Cleveland’s commis- 
sioner of air pollution, H. G. Dyktor, outlining 
the work of smoke inspectors, Elmer Lindseth, 


Thirteenth Annual Fuels Conference, AIME-ASME 
Fuels Division, Cleveland Engineering Society, 
Cooperating 
Statler Hotel, Cleveland, Ohio, Oct. 24-25 
October 24 
Registration, 9 AM 

10 AM—SESSION I, EUCLID BALLROOM 

Panel—Coal Characteristics Affecting Burning 
Equipment 

Underfeed Stokers. Representative of Amer- 
ican Engineering Co. 

Pulverized Coal. Roger Curfman 

Spreader Stokers. Charles Hallman 

Chain Grate Stokers. Harry Huston 

Cyclone Furnaces. Francis X. Gilg 

Gas Analyzers for Better Combustion. C. H. 
Barnard 


12:30 PM—-LUNCHEON I, GRAND BALLROOM 
Presiding: Elmer R. Kaiser, Chairman, Fuels 
Div., ASME 
Speaker: H. G. Dyktor, Commissioner, Div. of 
Air Pollution, Cleveland 
Subject: Meet the Smoke Inspector 


PM—SESSION II, EUCLID BALLROOM 


Carl Mabley and A. W. Thorson, Co-Chairmen 

The Causes and Probable Effects of Today’s 
Fuel Situation. H. A. Baldwin 

A Pattern for Sound Utility Fuel Procurement. 
Marshall Pease, Jr. and R. J. Brandon 


PM—COCKTAIL HOUR 
PM—BANQUET, GRAND BALLROOM 
Toastmaster: Thomas A. Marsh, Iron Fireman 
Mfg. Co. 
Speaker: Elmer L. Lindseth, president, Cleve- 
land Electric Illuminating Co. 
Subject: The Kilowatt Hour in War and Peace 
AWARDS: Percy Nicholls Award to J. E. Tobet, 
president, Appalachian Coals, Inc. 
50-year member award to John Rowland 
Brown, president, Reliance Gage Column 
Co. 
October 25 
10 AM—SESSION III, EUCLID BALLROOM 
Ralph Textor and George D. Keller, Co-Chair- 
men 


Program 


president of the Cleveland Electric Illuminating 
Co., speaking on “The Kilowatt Hour in War and 
Peace”, and George Whitwell, vice-president of 
the Philadelphia Electric Co., addressing Wednes- 
day’s luncheon meeting. At the banquet, the 
Percy Nicholls award will be presented to J. E. 
Tobey, and a 50-year membership award will be 
presented by the ASME to John Rowland Brown. 

Plans for ladies’ events have been made by the 
Ladies Auxiliary Committee, ASME, Cleveland 
Section, and include a tea at the Statler and a 
luncheon and entertainment at the Carter Hotel. 


Coal Sampling by Large Increment Weights. 
B. A. Landry and W. W. Andérson 

The Effect of Coal Size on the Sampling of 
Coal for Float and Sink Tests. A. L. Bailey 
and B. A. Landry 


12:30 PM—-LUNCHEON II, GRAND BALLROOM 


Presiding: Carroll F. Hardy, Secretary, Fuels 
Div., ASME 

Speaker: George E. Whitwell, vice-president, 
Philadelphia Electric Co. 


PM—SESSION IV, EUCLID BALLROOM 


James Hyslop and Richard H. Swallow, Co- 
Chairmen 

Frothing Characteristics of Pine Oils in Flota- 
tion. Shiou-Chuan Sun 

Dewatering of Fine Coal. C. C. Wright 

An Investigation of the Abrasiveness of Coal 
and Its Associated Impurities. H. F. Yancey, 
M. R. Geer, and J. D. Price 


Ladies’ Events 
Mrs. Wm. Stewart, Chairman. Mrs. W. G. Wal- 
termire, Vice-chairman. Mrs. Robert L. 
Manley 
October 24—Tea, Statler Hotel, 3-4:30 PM 
October 25—Luncheon and entertainment, 
Carter Hotel 


Women's Auxiliary Dinner Meeting 


Dr. Howard A. Rusk, associate editor of the 
New York Times and professor and chairman of 
the department of physical medicine and re- 
habilitation, New York University-Bellevue Med- 
ical Center, will be the speaker October 25 at a 
dinner meeting of the New York Section of the 
Women’s Auxiliary of the AIME at the Engineer- 
ing Women’s Club, 2 Fifth Ave. Speaking on the 
subject, “Untapped Manpower; The Handicapped 
in Mobilization,” Dr. Rusk will discuss the re- 
habilitation programs at the New York Univer- 
sity-Bellevue Medical Center, which the Women’s 
Auxiliary have assisted since their organization. 

Reservations may be made by sending check 
for $3.25 to Mrs. Clifford Bowden, Jr., 2104 Al- 
bemarle Terrace, Brooklyn 26. 
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Drift of Things 


Start of A Korean War 


“My first intimation of trouble came early on Sun- 
day afternoon, June 25, when I was called to the 
Embassy and told that the North Korean Army had 
crossed the border in force, 30 miles away. While this 
was the largest scale operation yet reported on the 
border, we were told that the South Korean forces 
would undoubtedly shoo them back to the north 
within a matter of hours, as they had done re- 
peatedly before. 

“The evening news was encouraging and our mili- 
tary observers at the front reported that the enemy 
reconnaissance forces had been stopped. During the 
night, however, enemy infiltrations succeeded in cut- 
ting communications between Korean Army units, 


FIRST-HAND account, from an AIME member, 
iit of the first few days of the Korean War as ex- 
perienced by a resident of Seoul was received late in 
July. The writer, Don L. Carroll, was for a time asso- 
ciate editor of Oil Weekly, and recently has been with 
the Oil and Gas Div., of the Dept. of the Interior. 
He was a member of the ECA mission to Korea. His 
wife, Catharine, and children were with him in Seoul 
when the war started. 


and confusion began to develop. By 2:30 a.m. on 
Monday, the enemy forces had penetrated to within 
17 miles of Seoul, and the Ambassador issued the 
order to evacuate wives and children to Ascom, about 
halfway to the port of Inchon. This assured easier 
evacuation from Seoul itself in case of eventual full 
evacuation of all Americans in Korea. By 6 p.m. of 
the same day, all dependents had been placed aboard 
the Norwegian freighter Reinhold in Inchon harbor. 
C rations, blankets, water, etc., were loaded aboard 
and the ship sailed for Japan an hour later. Fighter 
planes had been sent over from Japan to cover the 
whole operation and to escort the ship at sea. 

“This protection was necessary because Communist 
planes had been strafing Seoul, Inchon, and the air- 
ports at nearby Kimpo and Yongdongpo most of the 
day. One Red plane crossed Seoul after I had seen 
my brood safely aboard the ship and had returned 
home to do some hasty packing for myself. The 
plane had just shot up the Yongdongpo airfield about 
3 miles from our house and had then come in over 
town at a low level with guns blazing away. I had 
run out into the backyard to watch for a moment, 
but when I noted that our house was in the line of 
fire and observed tiles flying off the roof, I imme- 
diately returned to my packing, and with some en- 
thusiasm. I finished with my two bags ‘(no more al- 
lowed) and prepared for a potential night's rest. I 
had a good start towards that objective when I was 
ealled back to the Embassy for around-the-clock 
duty. I could hear the battle noise north of town as 
I drove downtown through the blackout 

“By 6:30 p.m. on Tuesday this operation was es- 
sentially completed and I had destroyed my files ex- 
cept for the contents of my briefcases, which repre- 
sented all that I know, and which I therefore felt I 
must salvage. Who wants to be uninformed when 
he is supposed to be an expert? At 7 a.m. it was 
decided to evacuate nonessential mission personnel, 
including all women employees who had been kept on 
the job. Transport planes and fighter escort had 
been ordered from Japan to evacuate this group from 
Kimpo airport. In spite of air attacks at Kimpo dur- 
ing this operation, all of this group were safely 
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evacuated to Japan by noontime. Three of Uncle 
Joe’s angels descended from the heavens to inter- 
rupt this operation, and continued right on down 
into the ground as a result of the active interest of 
our own F-80 fighters. 

“As the above group were being assembled at the 
Embassy, I was told that because of my family status 
I was eligible to be included, and that I could leave 
with the group ‘if I insisted.’ So, I stayed on the job. 
By 9 a.m. Tuesday, the Reds had moved up to the 
outskirts of Seoul, and with tanks. Since the South 
Koreans had run short of ammunition, had no anti- 
tank guns, and no effective staff control, we knew 
that we must now take it on the lam, as it were. 
More transport planes were requested from Japan, 
and at 10:15 we took to the busses to rendezvous 
with the planes at Kimpo. During our last hour at 
Seoul, I joined a team swinging sledgehammers at 
the Embassy. We wrecked the radio station, tele- 
phone exchange and message center, and completed 
destruction of files with incendiary bombs which we 
set off in the piles of papers in the parking lot. 

“I remember thinking at that point that I would 
feel much more like being evacuated if I could only 
have a shower. I was practically out on my feet, 
since as my children insist, I am an old man now. 
Even so, I had the situation right in the hollow of 
my head, just up to the level of the hole that pene- 
trates it. 

“I did get the shower, though. A few minutes later 
after our motor convoy got underway headed for 
Kimpo. It was a shower of bullets from a Yak 
fighter that buzzed up right on the main drag in 
town. No one was hit in our convoy, but Koreans on 
the other side of the street were mowed down like 
grass. We had expected to be attacked as we were 
making the slow crossing of the long Han River 
bridge at the south edge of town since it had been 
jammed with refugees for hours, all heading south. 
It required 20 min to negotiate the crossing, after 
which we began to breathe abnormally again. 

“By 1:30 p.m. our own fighters appeared over 
Kimpo and set to work shooting down or chasing 
away all enemy aircraft within ten miles of the spot. 
The transport planes came in promptly after the way 
had been cleared and by 4 p.m. we were all on our 
way to Japan, which is a very beautiful country at 
the end of June. 

“I have been told that Tiff distinguished himself 
on the ship, getting women and their luggage aboard 
and carrying small children up the ladder. He spent 
the night organizing and serving with the young 
men in white—a night bucket brigade, which was 
necessary because of the fact that there were only 
two single latrines on the ship, for some 700 women 
and children. Tiff and three of his strong-stomached 
pals carried the buckets from the live cargo hold to 
the rail and return, ad nauseum and ad infinitum. 
I was very proud of him. He wasn’t spoiled after all 

—he just smelled that way. 

“Maxie naturally spent his waking hours in the 
radio room, and enjoyed the whole voyage. Julie 
helped entertain the ‘little’ children. Catharine just 
held back on her respiration and kept her mouth 
closed—a difficult feat for her, and one that dis- 
tinguished her from the run of women aboard, many 
of whom pulled out all the stops, pulled the rank 
of their husbands, and complained to the Captain 
about their accommodations. The gamut was just 
as long as regards the actions and reactions of the 
menfolk. I was amazed at some of them, and in- 
creased my respect for others, although few of the 
shots could have been called in advance. I could 
write a book about it. 
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HAVE PROVED THEIR RELIABILITY 


For continuous operation with the minimum of mainte- 
nance and the lowest cost per ton of sinter. They are 
sturdily built to resist heat, shock and corrosion. Sizes range 
up to 1500 square feet of hearth area for single units. 


Auxiliary equipment built by AORCO includes feeders, 


mixers, fans, dust collectors and sinter coolers. AORCO 


engineering service covers design and construction of 


complete plants. 


AMERICAN ORE RECLAMATION CO. | 


CHICAGO 4, ILL. 


310 S. MICHIGAN AVE. 


| 


HEAVY LOADS — COARSE MATERIALS! 


CLEVELAND 14, OHIO * 


USED THROUGHOUT THE WORLD 
WHEREVER LARGE TONNAGES 
OF ROCK OR ORE ARE SCREENED! 


Manufacturers of Woven Wire Screens and Screening Machinery 


|THE W. S. TYLER COMPANY 


U.S.A. 


Sept. 1, AIME, Minerals Beneficiation 
Division, Hotel Utah, Salt Lake City. 


Sept. 3-8, American Chemical Society, 
National Chemical Exposition, Chicago 
Coliseum, Chicago, 

Sept. 5-9, American Chemical Society, 
6th national chemical exposition, Chi- 
cago Coliseum, Chicago. 

Sept. 10-13, American Institute of Chem- 
ieal Engineers, Radisson House, Min- 


neapolis 
Sept. 12, Seciety for Applied Spectro- 
scopy, Soceny-Vacuum Training Cen- 
ter, New York 


Sept. 15-16, National Society of 
sional Engineers, W heeling, 
Institute, 


Sept. 18-22, Industrial Safety 
State Col- 


Pennsylvania State College 
lege, Pa 

Sept. 19-21, American Society of Mechan- 
ical Engineers, fall meeting, Hotel 
Sheraton, Worcester, Mass 


Sept. 20, AIME, Carlsbad Potash Sec- 
Club, Carls- 


tion, Riverside Country 
bad, N. Mex 


Sept. 22-23, AIME, E! Paso Metals Sec- 
tion, Chihuahua, Chih., Mexico 

Sept. 25-26, Ohio Mineral 
Conference, Ohio Museum 
Columbus 

Sept. 28, AIME, 
visit to Lehigh 
Lansford, Pa 

Oct. 3-5, American Institute of Electrical 
Engineers, Baltimore. 

Oct. 5, AIME, Ajo Subsection, Ajo, Ariz. 
Oct. 4-6, AIMEE, Branch 
Roosevelt Hotel, 
Oct. 11-12, AIME, 
Div., Rocky Mt. 
Texas 


Industries 
Auditorium 


Lehigh Valley Section 
Navigation Coal Co., 


Petroleum 
New Orleans 
Industrial Minerals 
Section, El Paso 


Coming Events 


Oct. 12, AIME, El Paso Metals Section 


Paso, 

Oct. 12-13, AIME, Southern California 
Section, Metal, Mining, and Petroleum 
Branches, Elks Club, Los Angeles. 

Oct. 13, AIME, Southwestern Section, 
Open Hearth Committee, Iron and 
Steel Div., Houston, Texas. 

Oct. 13-14, International Mining Days, 
El Paso, Texas. 


Oct. 16-20, National Safety Congress and 


Texas 


Exposition. Industrial] safety sessions, 
Stevens, Congress, and Morrison 
Hotels; traffic safety, Congress; com- 


mercial vehicle, farm and home safety, 
La Salle; school, Morrison. 


Oct. 17-20, AIME, Industrial 
Div., fall meeting, Norman, Okla 


Oct. 20, AIME, Eastern Section, Open 
Hearth Committee, Iron and Steel Div.., 


Minerals 


fall meeting, Warwick Hotel, Phila- 
delphia. 
Oct, 20-21, Engineers’ Council for Profes- 


annual meeting 


sional Development, 
Cleveland. 


Hotel Tudor Arms, 


Oct. 22-24, American Mining Congress, 
metal and nonmetallic convention, 
Biltmore Hotel, Los Angeles. 


Oct. 23-25, AIME, Coal Div., and ASMB, 
Fuels Div., Hotel Statler, Cleveland. 


Oct. 23-27 National Metal Congress and 
Exposition, International Amphithe- 
ater, Chicago. Participating organi- 
zations: AIME, Headquarters, Hotel 
Sheraton; ASM Headquarters Palmer 
House; American Welding Society, 
Headquarters, Hotel Sherman; Society 
for Non-destructive Testing 


Oct. 27, AIME, Southern Ohio Section 
Open Hearth Committee, Iron and 
Steel Div.. annual meeting. Deshler- 


Wallick Hotel, Columbus, Ohio 


Nov. 3, AIME, Pittsburgh Section of 
Open Hearth Committee, Iron and 
Steel Div and Pittsburgh Section, 
AIME, annual meeting, William Penn 
Hotel, Pittsburgh 

Nov. 3-5, New Mexico Geological Se- 
ciety, field conference, San Juan Basin 


Nov. 9, American Mining Congress, Coal 
Div, Conference, William Penn Hotel 
Pittsburgh. 


Buffalo Section, Open 
Iron and Steel 
Statler Hotel, 


AIME, 
Committee 
meeting, 


Nov. 
Hearth 
Div., all-day 
Buffalo 


Nov. 16-18, Geological Seciety of Amer- 
ica, annual meeting, Hotel Statler, 
Washington, D. C. 


Nev. 4, AIME, Central Appalachian 
Section and W. Va. Coal Mining Assn 
annual meeting Greenbrier White 
Sulphur Springs, W. Va 


Nov. 26-Dec. 1, American Society of Me- 
chanical Engineers, annual meeting, 
Hotel Statler. New York 


2, National 
A Mechanical 
Central Palace 


Exposition of 
Engineering, 
New York 


Grand 


Furnace Steel 
Hotel 


7-9, AIME, Electric 
Iron and Steel Div., 
Pittsburgh 


Dec. 
Conference 
William Penn 


Jan. 15-17, 1951, AIME, Minnesota Sec- 
tion, annual meeting. Mining sympo- 
sium conducted by Center for Contin- 
uation Study, University of Minnesota. 


Feb. 18-22, 1951, AIME, annual meeting, 
Jefferson Hotel, St. Louis. Metals 
Branch session to be held at the Stat- 
ler Hotel 
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AIME Personals 


David Ailman has joined the staff 
of the mineral dressing division at 
the Stamford research laboratories, 
American Cyanamid Co., Stamford, 
Conn. 


Arthur J. Blair 


Arthur J. Blair has retired as chief 
geologist with Tennessee Coal, Iron 
& Railroad Co., Birmingham. He 
has opened his office as a consult- 
ing and mining geologist, 620 First 
National Bldg., Birmingham. 


Alex A. Briber shall assume duties 
as a research fellowship student at 
the University of Washington in the 
fall. He will be working in the field 
of coal preparation. 


Gerald G. Brun is now employed as 
a sales engineer with United Clay 
Mines Corp., Trenton, N. J. 


Jessie C. Carlile is now employed as 
a fleld engineer with the Colorado 
Iron Works, Denver. 


Stewart Carpenter left New York 
on July 27 for Chuquicamata, Chile, 
where he will be assistant chief en- 
gineer in charge of construction for 
the new sulphide plant, including 
both a mill and smelter. He has 
been in Ajo, Ariz. for the last year, 
building the new Phelps Dodge 
smelter which went into operation 
this summer. 


John R. Castano is now a geological 
trainee for the Shell Oil Co., Casper, 
Wyo. 


James D. Crawford has been made 
manager of the Fairbanks opera- 
tions of the U. S. Smelting, Refining 
& Mining Co. He will succeed R. H. 
Ogburn who is retiring after 25 
years with the company. J. C. 
Boswell has been appointed assist- 
ant manager. 
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George A. Davidson, mining engi- 
neer for the American Cyanamid Co., 
is leaving for Bihar Province, India 
where his company is erecting an 
ammonia-sulphate plant for the 
government of India. The plant is 
scheduled to be in operation early 
in 1951 and Mr. Davidson expects 
to remain in India about a year. 


John H. Dismant, formerly assist- 
ant professor of metallurgy, New 
Mexico School of Mines, Socorro, 
N. Mex., is now a fellow in metal- 
lurgy at the University of Utah, 
Salt Lake City. 


Elmer R. Drevdahl, Jr., is doing 
graduate work in mining. He has 
a fellowship doing research at the 
University of Washington in coop- 
eration with the U. S. Bureau of 
Mines. 


A. W. Edelen is retiring as assistant 
general manager, mining depart- 
ment, American Smelting & Refin- 
ing Co., Mexico City. He will con- 
tinue as a consultant and may be 
reached at San Juan de Letran No. 
11, Mexico, D. F., c/o Cia Minera del 
Mexcala. 


Nevzat Mehmet Erkun, formerly 
with Pittsburgh Forgings Co., Cor- 
apolis, Pa. has returned to his home 
in Kirikkale, Turkey. 


Charles F. Fogarty, connected with 
Socony-Vacuum, was the recipient 
of a fellowship award. He will study 
for his master’s degree in geology. 


Evar John Forslund has left the 
employ of the Cerro de Pasco Cop- 
per Corp., Cerro de Pasco, Peru. 


Walter F. Galloway is now super- 
intendent of metallurgical opera- 
tions, Polaris-Taku Mining Co., 
Ltd., Tulsequan, B. C., Canada. 


Walter P. Gillingham has been em- 
ployed as a shoveler by the New 
Jersey Zinc Co., Gilman, Colo. 


Robert F. Griffith is employed as a 
project engineer with the U. S. 
Bureau of Mines, SMIB, at Boise. 


A. F. Halcrow, exploitation engineer, 
has been transferred from the Can- 
adian office of Shell Oil to Houston. 


Charles V. Harris is now employed 
as mill superintendent, Blue Star 
Mines, Ltd., Big Pine, Calif. 


James G. Henderson is now divi- 
sional superintendent, Fresnillo 
Mining Co., Fresnillo, Zacatecas, 
Mexico. He formerly held the posi- 
tion of chief engineer, Minas de 
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Matahambre, S. A., Provincia de 
Pinar del Rio, Cuba. 


George Hawn 


George Hawn has been employed by 
Compania Minera Unificada del 
Cerro de Potosi, Potosi, Bolivia, as 
mine superintendent. He was form- 
erly connected with the Newmont 
Mining Corp., Heber, Utah. 


A. D. Hughes of San Francisco, re- 
cently returned from a 3!2 months 
trip to French Equatorial Africa. 
He was investigating alluvial gold 
and diamond mines for the Bureau 
Minister de la France d’Outre-Mer. 


Edmond A. Krohn is now employed 
as a foreman with the Robinson 
Brick & Tile Co., Denver. 


Charles H. Lambur, president of 
United States Collieries, Inc., sailed 
in June for Europe on various con- 
sulting work in mining operations 
in Turkey, Greece, Italy, and 
France. He will return in October. 


Ralph E. Larry and Arthur W. 
Worthington, vice-president and 
president respectively, Pittsburgh 
Limestone Corp., New Castle, Pa., 
have retired. 


A. Lewis is now field engineer for 
American Smelting & Refining Co., 
Tonopah, Nev. He is in charge of 
diamond drill development on a 
group of claims 1'2 miles north of 
Tonopah. 


J. T. Lewis, Jr., succeeds Mr. Duriez 
as manager of the Bayard depart- 
ment, U. S. Smelting, Refining & 
Mining Co., Bayard, N. Mex. Mr. 
Lewis previously held the position 
as superintendent of the Ophir unit 
of that company at Ophir, Utah. 


Theodore A. Link has formed a 
partnership with Arthur W. Nauss 
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as exploration consultants, oil and 
gas appraisers, etc. 


Frank Marold has been transferred 
to Washington, D. C., as a sales rep- 
resentative for Allis-Chalmers Mfg. 
Co. Prior to his transference he 
was in the export department in 
the Milwaukee plant. 


J. K. MacFarlane has been ap- 
pointed superintendent of the Scrub 
Oaks department, Alan Wood Steel 
Co., Dover, N. J. 


Charles E. Melbye recently gradu- 
ated from the Colorado School of 
Mines. He is now employed as a 
sampler and junior geologist by An- 
aconda Mining Co., Shoshore mines, 
Tecopa, Calif. 


Donald H. McLaughlin, president of 
the Homestake Mining Co. and also 
AIME president, and J. A. Martino, 
president, National Lead Co., were 
among those who received citations 
at the Boston Jubilee. 


Thomas G. Moran is presently em- 
ployed by the Comision Ejecutiva 
Hidroelectrica Del Rio Lempa as 
geologist and foundations engineer 
on the Rio Lempa dam project in 
San Salvador El Salvador. 


Cyril W. Morris 


Cyril W. Merris has opened his of- 
fices as a consulting mining engi- 
neer and may be contacted at 15 
Maitland St., Killara, N.S.W., Aus- 
tralia. 


Roderick G. Murchison, Jr., has ac- 
cepted an appointment as petro- 
leum geologist under the U. S. Geo- 
logical Survey-British Colonial Sur- 
vey cooperation program. He will 
be located in Nairobi, Kenya Col- 
ony. 


Service 


Le Roi CLEVELAND Rock Drills are 
backed by factory-trained field engineers 
and experienced distributors everywhere 


HE Le Roi CLEVELAND rock drill 

line is complete. It ranges from a 
light 17-lb. hand-held rock drill to a 
completely air-operated mine jumbo 
equipped with fast power-feed drifters 
or patented air-feed shell providing 7’ 
travel. 

Because of their speed, easy handling, 
and low upkeep, you find these machines 
cutting drilling costs in mines through- 
out the world. 

But you get more than performance 
from Le Roi CLEVELAND rock drills 
—you get helpful, friendly service from 
our branches and experienced distribu- 
tors. This is a basic policy with Le Roi. 
Our branches maintain full stocks of 
spare parts to provide prompt service 
to mining centers. 

So, for service you can count on and 
performance that is outstanding, stand- 
ardize on Le Roi CLEVELAND rock 
drills. Write today for bulletin 127, 


Call these Branches for prompt service 


Birmingham Butte Denver El Paso Iron- 
wood, Mich. © New York ® Philadelphia © Phoenix 
© Portland @ Salt Lake © St. Lovis © San Carlos, 


Calif. © Tulsa @ Wallace, Idaho 


G. M. Neal has been made superin- Bo © / 
tendent at Muscoda ore mines of | CLEVELAND DIVISION © Manufacturers of CLEVELAND ROCK DRILLS 


the Tennessee Coal, Iron & Rail- 
VELAND 11, =New York © Washington © Bir 
road Co., Birmingham. He had been Cleve ‘ash ‘mingham 
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AROUND THE WORLD WITH | 


YUBA 
DREDGES 


For over 40 years... a 
life-time of experience . . . 
YUBA has built dredges 
for the recovery of gold, 
tin, platinum, precious 
stones, and aggregate han- 
dling. Draw on this great 
fund of experience for 
help with your dredge 
problems — consult 


YUBA NOW. 


California — YUBA 
Dredge No. 98, with 
wood hull, 9 cu. ft. 
buckets, 30° digging 
depth, recovering 
gold for La Grange 
Gold Dredging Co 


Korea — YUBA 
Dredge No. 79, steel 
hull, 10 cu. ft. buck- 
ets, 33° digging 
depth, gold mining 


Yukon Digging 
gold near Dawson 
for Yukon Consol: 
dated Gold Corp 
YUBA dredge with 
wood hull; designed 
for Arctic conditions 
7 cu. ft. buckets, 25’ 
digging depth 


Malaya Kampar Malaya 
No, 1, with steel hull and 
10 cu. ft. buckets, digging 
tin at depths to 75 ft. below 
water. 


YUBA MANUFACTURING CO. 


Room 708, 351 California St., San Francisco 4, California, U.S. A. 


AGENTS { SIME, DARBY & CO., LTD. - 


SINGAPORE, KUALA LUMPUR, PENANG. 


\ Shaw DARBY CO.,LTO., 14 & 19 LEADENHALL ST., LONDON, 3. 
CABLES: YUBAMAN, Sam FRanciscO  SHAWOARBCM, 
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assistant to the manager of indus- 
trial relations. 


D. E. Norquist has resigned his po- 
sition as manager, grinding media 
sales, with Sheffield Steel Corp., 
Kansas City, Mo. 


Charles A. O'Connell has become 
assistant mine superintendent at 
Mufulira Copper Mines Ltd., Mufu- 
lira, N. Rhodesia, Africa. He previ- 
ously held the position of under- 
ground manager. 


R. H. Rimmer has been elected 
treasurer of the Chemical Institute 
of Canada for the year 1950-51. Mr. 
Rimmer is with Aluminum Labora- 
tories, Ltd., Kingston, Ont., Canada. 


Curtis F. Rivers has resigned as 
general superintendent of coal 
mines, Tennessee Products & Chem- 
ical Corp., Whitwell, Tenn. He is 
now general manager of the Jack- 
son Equipment Sales, Inc., Middles- 
boro, Ky. and also a partner. 


Robert E. Simpson is now employed 
as superintendent for the State 
River Mining Co., Crested Butte, 
Colo. 


Richard E. Seidel is now employed 
in the purchasing department of 
the Bethlehem Steel Co., Johns- 
town, Pa. as a junior buyer. 


Neville S. Spence has been ap- 
pointed director of technical ser- 
vice and development, Dominion 
Magnesium, Ltd., Toronto, Ont., 
Canada. 


Herman J. Steinbuchel, Jr., is now 
employed as a mining engineer 
trainee with the Oliver Iron Mining 
Co., Hibbing, Minn. 


Van B. Stith 


Van B. Stith has been appointed 
vice-president of mines, it was an- 
nounced by the Anchor Coal Co., 
Cleveland. 
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W. Arthur Wall has 
plant manager for 
Chemical & Refining 
Ont., Canada. 


resigned as 
the Cobalt 
Co., Cobalt, 


William J. Whatley has accepted 
the position of chief mechanical 
engineer with Wyatt C. Hedrick, 
architect and engineer, Houston. 
He was formerly mechanical engi- 
neer with Freese, Nichols & Turner, 
consulting engineers, Houston. 


C. Campbell White has been ap- 
pointed to a position in the mill of 
the Zinc Corp., Broken Hill, New 
South Wales, Australia. 


J. Ward Williams is vice-president 
of the Masara Consolidated Mines 
Corp., Manila, P. I. which was form- 
erly Panaminas Inc., Manila. 


A. H. Wohlrab is retiring as vice- 
president and general manager of 
the Calumet division, Calumet & 
Hecla Consolidated Copper Co., Cal- 
umet, Mich. He will continue as 
consultant in connection § with 
the zinc operations at Shullsburg, 
Wis. O. A. Rockwell, former assist- 
ant manager, has been appointed 
general manager of the division 
to succeed Mr. Wohlrab 


Barclay G. Anderson is now work- 
ing as a mining engineer connected 
with the U. S. Bureau of Mines, 
Washington, D. C. 


Jesse F. Core has joined the Island 
Creek Coal Co., Holden, W. Va., as 
chief engineer. Before joining this 
company he was employed as chief 
engineer for the Buckeye Coal Co., 
Nemacolin, Pa. for two and a half 
years 


Harold B. Ewoldt is now employed 
by the Copper Range Co., Boston, 


Mass. He was formerly 
manager for the Calumet 
Shullsburg, Wis. 


general 
Corp.., 


Arno C. Fieldner, chief of the Fuels 
& Explosives Div., Bureau of Mines, 
has returned from a visit during 
the month of July to coal research 
laboratories inEnglandand France. 
He participated in the Fourth World 
Power Conference in London, and 
the Sixth International Conference 
of Directors of Mine Safety Research 
at Verneuil, France. 


J. B. H. Fitzwilliam has recently 
completed his appointment as re- 
search fellow at the Missouri School 
of Mines and Metallurgy. He has 
taken a position with the Hudson 
Bay Mining & Smelting Co., Flin 
Flon, Canada, as a mining engi- 
neer 


Kenneth L. Hill recently graduated 
from the New Mexico School of 
Mines with the Degree of B. S. in 
Met. Engineering. He is now em- 
ployed as a metallurgist by the Cal- 
era Mining Co., Forney, Idaho. 


OTHER PRODUCTS 


Maessco Fobrenweld Fietetion Mechines: Genuine Wilfley Tobles, 
Het Millers; Rock Git Grinders; Density Controtiors; Belt Feeders; Pinch Velves: Assey 


Fred J. Hoff is now employed by the 
International Minerals & Chemical 
Corp., Lakeland, Fla., as a research 
engineer. 


Cedric L. Iverson is now working 
as a geologist with the Bureau of 
Reclamation at Salem, Oregon. He 
is inspecting the dam-site at Cres- 
cent Lake, Oregon, and later will 
be working on the Benham Falls 
site south of Bend Ore. 


George A. Kiersch was recently 
transferred to the State Depart- 
ment, International Boundary & 
Water Commission, Alpine, Texas 
He will be supervising geologist 
under the project engineer of a 
large geological investigation pro- 
gram along the Rio Grande River 
throughout the Big Bend country 


SUPPLY COMPANY 


John A. MeCutchin was transferred 
from the Calgary site of the Bay 
Petroleum Corp. to Midland, Texas 
He has assumed the duties of divi- 
sion manager. 


Joseph H. Merrow, Jr. is now em- 
ployed as a junior geologist by Pa- 
tino Mines & Enterprises Consoli- 
dated, Inc., Llallagua, Boliva 


Daniel Y. Meschter is presently en- 
gaged in manganese and base 
metals investigations in the Philips- 
burg district in Montana. He is a 
geologist with the U. S. Geological 
Survey. 


Pierrepont Arthur Meyer, Jr. is now 
employed as a field engineer for 
the St. Joseph Lead Co., Bonne 
Terre, Mo 
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W. M. Mireylees is leaving for West 
Africa to take a position with the 
Amalgamated Banket Areas, Ltd., 
Tarkwa, Gold Coast Colony. He was 
formerly residing in Edinburgh, 
Scotland. 


Robert C. Musa, Long Island, N. Y. 
has been awarded the $2000 fellow- 
ship established recently at Colum- 
bia University, N. Y., by the Socony- 
Vacuum Oil Co., Inc. He will work 
for a doctorate in surface chemis- 
try. Mr. Musa is an alumnus of City 
College of New York and received 
his master’s degree at Columbia. 
The fellowship is one of 20 being 
supported by the Socony-Vacuum 
laboratories during the 1950-51 aca- 
demic season at universities and 
colleges throughout the country. 
Recipients are selected from stu- 
dents with at least one year of 
graduate work. No restrictions are 
placed by the company on the re- 
cipients as to future employment. 


Sidney Paige, who retired from the 
Research & Development Board, 
Department of Defense, Washing- 
ton, D. C. earlier in the year, will 
engage in consulting practice in 


New York City. He may be addressed 
at Alpine, N. J. or Box 6, Schermer- 
horn 


Hall, Columbia University, 
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“Next time, 
use HARDINGE 
UE 


Possibly your grinding oper- 
ation is not as delicately bal- 
anced as that of the gentle- 
man shown here. However, 
operating data from count- 
less installations prove that 
Hardinge Mills improve 
product quality and reduce 
costs. 


Main Office and Works 
205 W. Wacker Drive—CHICAGO 
200 Bay St.—TORONTO 


New York. Mr. Paige is a Visiting 
Professor of Engineering Geology at 
Columbia University. 


Anthony L. Payne has accepted a 
position with the Northern Peru 
Mining & Smelting Co. at the com- 
pany’s Quiruvilca property in Peru. 
He is employed as resident geolo- 
gist. After working with the U. S. 
Geological Survey for three years, 
Mr. Payne returned to school last 
year and completed work for the 
degree of Master of Science at the 
University of Utah. 


Roy E. Peterson is now a graduate 
student in process metallurgy at 
the University of California. 


P. L. Richards is employed by the 
H. C. Frick Coke Co., Pittsburgh as 
a staff engineer in research and 
preparation. 


Thomas J. Williams, president of 
Sociedad Minera Argentina, Buenos 
Aires, and Bruce R. Burnett, gen- 
eral manager of the same company, 
have been in the United States in 
connection with development of the 
company’s sulphur deposit in Ar- 
gentina. It is in a volcanic cone at 
a height of 18,000 ft and is said to 
be the largest deposit of its kind in 
the world. A contract has been 


closed with the Chemical Construc- 
tion Co. for an aerial tramway and 
mining and treatment equipment, 
the latter including flotation. Only 
material exceeding 50 pct sulphur 
will be mined, but some practically 
pure sulphur without undesirable 
impurities was found. The lower 
grades are mixed with volcanic ash. 
The product will be marketed in 
Argentina only. Tungsten and bis- 
muth deposits are also owned by 
the company. A hundred tons of 
tungsten concentrates, mixed wol- 
framite and scheelite, can be pro- 
duced per month, but the property 
is temporarily closed down for lack 
of a market. 


Abstracts of Technical Papers in 
Journal of Metals 


During the past eight months, 
several articles have been published 
in JouRNAL OF Metats, the AIME 
Metals Branch publication, that 
bear on the activities of mining 
site operations. These articles, some 
which will appear in Metals Trans- 
actions and some that appeared in 
the feature section of JOURNAL OF 
METALS, are listed below for the 
convenience of the reader. 

Single copies of issues in which 
individual articles appeared can be 
obtained from AIME headquarters 
at the single copy price of the mag- 
azine, or photostats of the articles 
can be obtained from the Engineer- 
ing Library, at the regular prices 
for such work 


January: Morenci Smelter of Phelps 
Dodge Corp. at Morenci, Ariz. 
L. L. McDaniel. 


March: Operation, Portsmouth Sin- 
ter Plant. Guy B. Hunner. 


Graphical Presentation of Metal- 
lurgical Equilibria. C. J. Osborn. 
Temperature dependence of free 
energies of formation of metal- 
lurgically important oxides, sul- 
phides, chlorides, carbonates and 
sulphates is presented graphi- 
cally, and task of deriving prac- 
tical metallurgical information is 
greatly simplified. Diagrams re- 
vised according to latest avail- 
able thermodynamic data. 
Conditioning Dwight-Lloyd Gases 
to Increase Bag Life. R. E. Shin- 
koskey. Outlined development of 
a program for increasing life of 
woolen bags used for filtering 
Dwight-Lloyd gases by treating 
the bags and gases with hydrated 
lime. Methods and apparatus are 
described for determining alka- 
linity of dusts, acidity and break- 
ing strength of bag cloth. Pro- 
cedure and results are presented. 
An Improved Automatic Smoke 
Sampler. J. J. Donoso. 


April: Use of Adirondack Sinter in 
Blast Furnaces. Elmer H. Riddle. 
Water Sealed Wind Boxes for 
Dwight and Lloyd Sintering Ma- 
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chine. E. McL. Tittmann and E. A. 
Hase. Double roasting of sinter 
carrying a high percentage of 
lead concentrates, brought the 
problem of removing sheets of 
metallic lead formed in wind 
boxes. The solution has been 
found in water sealed wind boxes. 
The metallic lead is granulated 
and can be removed without seri- 
ously interfering with the opera- 
tion of the machine. 


Air Conditioning of Metallurgical 
Smoke for Cottrell Precipitation. 
A. L. Labbe. It was found that 
the presence of free acid in the 
precipitated dust was essential 
for efficient operation. This pa- 
per deals with the author’s expe- 
rience on the operation of an 
early Cottrell installation which 
led to development of a sulphuric 
acid fuming furnace for auxiliary 
acid conditioning of combined 
Wedge roaster and lead sinter 
smoke. 


May: The Calbeck Process for Re- 
fining Zine Oxide. John H. Cal- 
beck, William T. Maidens and Os- 
car J. Hassel. The rotary gas 
fired reheating furnace used by 
the American Zinc Oxide Co. at 
Columbus, Ohio, for refining lead- 
free zinc oxide is described. Out- 
standing features of this opera- 
tion are: color of the zine oxide 
is greatly improved, sulphur is 
eliminated, and cadmium recov- 
ered without densifying the prod- 
uct to an objectionable degree. 
Treatment of Electrolytic Copper 
Refinery Slimes. J. H. Schloen 
and E. M. Elkin. All known meth- 
ods of treating and recovering 
the various components of copper 
refinery slimes are discussed. The 
slimes treatment processes pres- 
ently used by five copper re- 
fineries are described and flow- 
sheets are given. A bibliography 
is appended. 

Modern Baghouse Practice for 
the Recovery of Metallurgical 
Fumes. A. L. Labbe and J. J. 
Donoso. Hard-won experience in 
the operation of smelting plants 
has pointed the way to the most 
efficient design and economical 
operation of a baghouse system 
for recovery of metallurgical 
fumes. This paper treats of the 
principles governing bag filtra- 
tion and the factors most directly 
affecting bag life. Methods for 
temperature conditioning of 
smoke previous to filtering are 
described and the evolution of 
bag shaking mechanisms is 
brought up to date. 


June: A Survey of Thermodynam- 


ics of Copper Smelting. R. Schuh- 
mann, Jr. Available thermody- 
namic data applicable to copper 
smelting systems are collected 
and tabulated, and the important 
gaps are pointed out. A few ex- 
amples are given of estimations 


Leading Dutch Importers want to enter into relation 
with Works directly for purchase of 


SEAMLESS STEEL TUBES, SCREWED and 


SOCKETED STEEL TUBES, FITTINGS, CARBON 
STEEL, etc. 


Competitive offers invited to 


A.H.W. ¢ o Nijgh & van Ditmar, 
102 Coolsingel, Rotterdam, Holland. 


which can be made from the 
available data. An experimental 
research program is proposed to 
supply the thermodynamic data 
that appear most essential to bet- 
ter quantitative understanding of 
the chemistry of copper smelting. 
The proposed program is designed 
also to shed specific light on the 
practical problems of slag losses 
and include magnetite behavior. 
Thermodynamic Relationships in 
Chlorine Metallurgy. H. H. Kel- 
logg. Equations representing the 
standard free energy of forma- 
tion as a function of temperature, 
for thirty metallic chlorides, are 
presented and plotted on a free- 
energy vs. temperature diagram. 
The use of these data for calcu- 
lations on reduction of metallic 
chlorides, refining of metals with 
chlorine, and chlorination of me- 
tallic oxides and sulphides is il- 
lustrated. 


July: Development of Mechanical 
Puncher at the McGill Smelter. 
Leonard Larson. 


August: Ferrochromium from Low 
Grade Chromite Ores and Con- 
centrates. F. W. Wessel and R. T. 
C. Rasmussen. 


—Obituaries— 


Charles B. Carpenter (Member 
1938), died suddenly on June 10 at 
Dallas. He was supervising engi- 
neer of the Dallas petroleum field 
office of the Bureau of Mines, U. S. 
Dept. of the Interior. He was born 
at Guthrie, Okla., in 1901 and en- 
tered the University of Colorado 
where he graduated in 1924 with a 
BS. in civil engineering. He did 
engineering work in Oklahoma, 
Colorado, and Texas prior to join- 
ing the Bureau. In 1928 he joined 
the Bureau of Mines. He had con- 
ducted or collaborated in a large 
number of petroleum engineering 
studies in various oil fields in Texas 
and Arkansas. He was appointed 


SEPTEMBER 1950, MINING ENGINEERING—993 


supervising engineer of the Dallas 
office in June 1948. In February and 
March of this year he served as the 
United States delegate to the first 
Mexican Petroleum Convention in 
Mexico City, where he presided at 
one of the sessions. 


George W. Coffey (Member 1918), 
died on July 4. He was born in 
Nevada City, Calif.. and received 
his B.S. in mining engineering from 
the University of California in 1917. 
He was a junior engineer on several 
mining examinations, working with 
the Miami Copper Co. ard Yeat- 
man & Berry. In 1926 he joined the 
Yukon Gold Co., now Pacific Tin 
Consolidated Corp., serving as resi- 
dent manager in the Federated 
Malay States from 1931 to 1939. He 
was then named vice-president and 
in 1945 made chairman and presi- 
dent. 


Joseph S. Coupal (Member 1939), 
former consulting mining engineer, 
died June 4. Mr. Coupal was state 
president of the Arizona Small 
Mine Operators Assn. and presi- 
dent of the organization’s Phoenix 
council. He was born in Lawrence, 
Mass., in September 1883. He grad- 
uated with the degree of BS. in 
mining and metallurgy from M.LT. 
He was employed by various mining 
companies on smelter, mine and 
construction work. Four years were 
spent in Mexico as mine manager 
for Providencia Mines Co. and 
Santa Lucia mines. In 1914 he be- 
gan his consulting career and was 
engaged in examination and mine 
management operations in the 
western United States, Mexico, 
Venezuela, and Peru. In 1939, when 
the Arizona Dept. of Mineral Re- 
sources was established, Mr. Cou- 
pal was its first director. 


Clyde E. Cowan (Member 1936), 
died in March after an illness of 
more than a year. He was born at 
Greensburg, Pa., in 1893. He re- 
ceived the degree of B.A. in 1904 
when he graduated from Otterbein 
College. Following graduation he 
obtained miscellaneous experience 
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Corrosion 
WHEN YOU INSTALL SCRAPER 
CARLON PLASTIC PIPE MOVES MATERIALS—faster, cheaper 


With just one man at the controls, a Sauerman Power 
ae ; tes Drag Scraper will handle completely a difficult job of 


Here is Sauer” 


with mot ile 


stockpiling, pit excavation, stripping, waste removal, pond 
cleaning, etc.—and save you money. 


Initial cost is reasonable. Maintenance is simple and in- 
expensive. Flexible range to meet your requirements. 
Electric, gasoline, Diesel or steam power. 


Large catalog on request. Engineering advice 
given freely on material handling problems 


SAUERMAN BROS., INC. 


546 S. CLINTON ST. 7 CHICAGO 7, ILL. 


Me wih he / 
Pipe corrosion problems can be forgotten 
when you install CARLON plastic pipe. This wel 
tough, durable new pipe is guaranteed against : P. 
rot, rust, and electrolytic corrosion and is espe- Coming off the ALAALA Soon ei 
cially recommended for handling sulphurous 
waters, alkalis, and metallic salts. CARLON pipe e 
cuts maintenance and replacement costs to a Coal Preparation 
minimum, and it has a projected trouble-free 
service life many times longer than ordinary Edited by David R. Mitchell 
pipe. 
In addition to its non-corrosive characteristics, This noted volume, prepared 
CARLON plastic pipe is flexible and extremely 
lightweight. These features permit rapid, low- 
cost installation (permanent or temporary) even ; 
under adverse conditions. CARLON will curve Howard N, Eavenson, has been 
to follow entry direction and is self-adjusting completely revised, with technol- 
to irregular surface contours. ogy and data brought up to date. 
Furnished in coils up to 400 feet in length, Over 23 chapters on all aspects 
depending upon specified diameter, this remark- 
able new pipe requires fewer fittings than other 


t f mi ipe. | 
© Write For Catalog Order your copy now! 


De é Members price 

LENGTHS Are 

29 W. 39th Street Nonmember price 8.00 

1030 | 0824 0h. eos ~ New York 18, N. Y. plus 50¢ for overseas postage 

1310 1070 300 ft. coils 

1660 | 1380 300 f+ coils Please send me copies of COAL PREPARATION. 

1900 | 1610 250 f+. coil 

2378 | 2070 200 #1 pon ~ | enclose check money order [ | for $ 

3304 3070 100 f+. coils 

4504 | 4030 25 str } Name 

6630 | 6070 25 str 

Identification Stripe YELLOW-Stenderd Pipe Address 
RED -Heovy-duty Pipe 


CARTER PRODUCTS CORPORATION 


10348 MEECH AVE. CLEVELAND 5, OHIO 


by an eleven’ editorial 


board under the direction of 


of coal preparation. 
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on topography, railroad and reser- 
voir work. In 1909 he was employed 
by the Jamison Coal Co., Greens- 
burg, Va., as chief engineer. He 
later joined the South Union Coal 
Co., Lincoln Gas Coal Co., Browns- 
ville Coal & Coke Co., and Heisely 
Coal Co., respectively. He joined 
Heisely as director and operating 
vice-president. 


Octave P. Ebeling (Member 1931), 
former secretary-treasurer of the 
South American Development Co., 
New York, died on January 16. He 
was born in Liverpool, England, in 
1881, but graduated from New York 
University in 1908. He joined the 
staff of the South American Devel- 
opment Co. and its holding com- 
pany, South American Mines Co., 
and remained with that concern in 
various capacities. He began as an 
assistant to various officers of the 
concern and was closely connected 
with the management of the com- 
pany’s gold mining enterprise. He 
later assisted in the selection and 
engagement of engineers and other 
employees for the mines in Ecuador. 


Charles W. Saxman (Member 1906), 
retired, has died. He was born on 
November 22, 1871, at Latrobe, Pa. 
He spent four years at Harvard 
University, general science course. 
For one year he was mining engi- 
neer for Montana Coal & Coke Co. 
He then joined the Idaho Midland 
Railroad Co., Boise, as chief engi- 
neer. Five years were then spent 
in independent mining in Idaho, 
British Columbia, Utah and Nevada. 
In 1905 he was employed by the 
Greenwich Coal & Coke Co., La- 
trobe, Pa., as general superintendent. 


E. C. Wilson (Member 1915), retired 
manufacturer, died on June 12. He 
was born in 1870 at Darke County, 
Ohio, attended public schools in Los 
Angeles, and Stanford University 
for one year. He was with Baker 
Iron Works, Los Angeles, for ap- 
proximately seven years. During 
this time he invented the Wilson 
patented casing spear and the un- 
der-reamer. In 1904 he was man- 
ager of Bakersfield Iron Works. He 
became president of the Wilson 
Willard Mfg. Co. in 1909 and also 
invented the Wilson casing ele- 
vators. He retired in 1930, but re- 
mained in Los Angeles 


Necrology 
Date Date of 
Blected Name Death 
Harold S. Arnold Aug. 7, 1950 
John F. Berry Unknown 
O. A. Crichett July 11, 1950 
M. G. Driessen July 16, 1950 
Hugh F. Marriott 1949 
Warren A. Moller May 29, 1950 
Frank A. Newquist Mar. 4, 1950 
Edwin J. Prindle Unknown 
Herman Shaw Unknown 


ore Drillin 


Exploration for coal and other mineral deposits. Foundation 
test boring and grout hole drilling for bridges, dams and all 
heavy structures. Core Drill Contractors for more than 60 years. 


WANTED 


Metallurgist-mill foreman, college graduate, experi- 
enced ore dresser and mill operator, standard three 
year contract, salary $5000 yearly plus bonus one 
month yearly, single status or if married single status 
for six months. Working knowledge Spanish essential. 
Free transportation to Bolivia by air for employee 
(and wife if married), four weeks’ vacation yearly, free 
living quarters. Box H-17, MINING ENGINEERING. 


MANUFACTURING CO. 


MICHIGAN CITY 
INDIANA 


Proposed for 
Membership 
MINING BRANCH, AIME 


Total AIME membership on June 3 
1950, was 16,339; in addition 4256 Student 
Associates were enrolled 


ADMISSIONS COMMITTEE 


E. C. Meagher, Chairman; Albert J 
Phillips, Vice-Chairman; George B. Cor- 
less, H. P. Croft, Lloyd C. Gibson, Ivan 
A. Given, F. W. Hanson, T. D. Jones 
P. Malozemoff, Richard D. Mollison, and 
John Sherman 

Institute members are urged to review 
this list as soon as the issue is received 
and immediately to write the Secretary's 
Office night message collect. tf objec 
tion is offered to the admission of any 
applicant. Details of the objection should 
follow by air mail. The Institute desires 
to extend its privileges to every person 
to whom it can be of service but does 
not desire to admit persons unless they 
are qualified 

In the following list C'S means change 
of status reinstatement; Mem 
ber; J, Junior Member Associate 
Member; 8S. Student Associate 


Alabama 


Birmingham Anderson, Andrew B., Jr 


Arizona 
Globe —Lidster 
Ray—Kast 
Draqoon 
S-J) 


William A 
Rene F. (C S-—S-J) 
Zaker, Arthur, III (J) (C/S 


(C S-—S-J) 


California 

Alpine—Darnell, Balfour F. (R, M) 
San Gabriel—Brandt, William O. (R,C 8S 
S-M 


Los Angeles—Jacobsen, John R. (C8 
$-J) 


Colorado 
Denver—Hoy, Thomas A. (C S-S-M) 
Golden— Abendschan, John J. (C 8-S8-J) 


Florida 


Bartow—Clawson 
S-J) 


Lakeland Permenter, James C., Jr 


Floyd J (R.C 


Georgia 
Atlanta— Pierson 
8-J) 


Richard E 


Idaho 
Wallace 
J-M) 


Featherstone, Wray W 
Illinois 


Chicago—Gracey 
S-J) 


Depue—Morgenstern, Carl G. (MY (R 
J-M) 


Wayne C. (J) (C/S 


Indiana 


Wabash—-Gullings, LeRoy V. (M) 


Kansas 
Erich. (M) 


Pleasanton Sarapuu 


Kentucky 
Coalqood—Newsome, Thomas F 


Hazard—Gibson, Raymond W 


Michigan 


Republic Gustafson, Allen A. iJ) 


Minnesota 

Knudson, John R. (C8 
Hibbing Herkenhoff, Earl C. 
J 


Coleraine 


Nashwauk—McNaughton, David D 
S-J) 


Missouri 

Rotla— Drake, Avery A., Jt 
St. Louis—Castelli 
S-J) 


August 


Montana 
Butte—Stever Neil B. (J) 


Butte—Van Matre, Victor Emile (J). 
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New Jersey 


Clifton—Patterson, John A. (R,C/S— 
8-J). 

New Mexico 

Hurley—Schroer, Edward A. (M). 

New York 

Brooklyn—Savage, Lynn E. (J) (C/S 
8-J) 

New Samuel. (R,C/S 


York—Melitzer, 
M-A). 
West 
(c/s 


Edward P. 


Hempstead Kyburz 
S-J). 


Pennsylvania 
Ashland—Skovran, 
Carnegie —Oliver, 


Nicolas 
Douglas 8S. 


(C/S—S-J) 
(C/S-—S-J) 


Masontown—Anderson, Leslie U. (C/S 
S8-J). 

Nanticoke—Haas, Raymond F. (M). 
Pittsburgh—Wilson, Charles McKinlay 
(M). 

State College-—Charmbury, Herbert B. 


Shamokin 
3-J) 


Erdman, George E. (J) (C/S 


Texas 


El Paso-—Lind, Theodore R. (A). 


Utah 

Monticello—Moulton, Harry J. Jr. (J). 
Salt Lake City—Lord, John F. (R,C/S— 
S-M). 


Virginia 

Keene Mt.—Raykes, Harry, Jr. (C/S 
S-J 

Roanoke—Rodes, Elmer O., Jr. (C/S 
S-J) 

West Virginia 

Carbon—Sutherland, William H. (C/S 
) 

CharlestonBarnes, Robert W. (C/S 
S-J). 

Dehue—Harper, Milton B. (C/S—S-J). 
Huntington—Lunsford, Harold D. (J) 


Montcoal-—-Bradbury, Raymond A. (J) 
(C/S—S-J). 

Morgantow n—Taylor, Robert W., Jr 
(C/ 8-J) 

Wyoming 

Green River—Love, Robert F. (J). 


Alaska 


College-James, Yancey L. (C/S—J-M). 
Argentina 
Buenos Aires-—Cervi, Reinaldo (M) 


Bolivia 


Casilla—Rule, Charles (M), 
Brazil 
Rio de Janeiro-Puttonen, Arthur A 


(R,C/S-—S-M) 


British Columbia 

Kimberley—Corey, Irving Ross (J) (C/S 
S-J) 

Canada 

Kimberly Buck, Walter K. (J) 

MontrealGerow, Carlyle (M) 

Port Radiwm—Currie, lan R. (M) 

Quebec Rogeau, Hubert 

(J) 

French Morecco 

Oujda—Pellerin, Jean E. (M). 

Germany 

British one—Reuleaux, Dr. Otto (M) 

M) 

Ewaldstrabe—Oberschuir, Max H.C.K 


South America 
Bolivia—Aviles 


Eduardo M. (M) 


Se. Australia 
Forestvilie— Durdin 


Ronald W. (J) 


Appraisals 
Assoyers 
Chemists 
Construction 
Consulting 


Designing their staffs. 


—Professional Services— 


Space limited to AIME members or to companies that have at least one member on 
One inch, $40 per year; half inch, $25 payable in advance. 


G. CANNING BARNARD 

Mining and Geological Consultant 

East and Centra! Africa and the ft 
P. 0. Box 705, Nairobi, Kenya Colony. 


Tel. : 5319 


MARK C. MALAMPHY & CO. LTD. 
Consulting Geologists and Geophysicists 
P. 0. Box 209, Mufulira, Northern Rhodesia 
Experienced field crews 
and surveys anywhere in Africa. 


JAMES A. BARR 
Consulting Engineer 
Specializing in Non- Metallics 


505 Halong Ave. Mt. Pleasant, Tennessee 


BEHRE DOLBEAR & COMPANY 
Consulting Mining Engineers and Geologists 


11 Broadway New York 4, N. Y. 


BLANDFORD C. BURGESS 
Registered Professional Engineer 
Mining Consultant 


Monticello, Georgia 


JOSEPH T. MATSON 
CONSULTING MINING ENGINEER 
Examinations—A ppraisal s—Operations 
P. 0. Box 170 Santa Fe, New Mexico 


CLAYTON T. MeNEIL, E. M. 
Mine Examination, Reports, Supervision, 
Operation 
822 Bank of America Bidg. Tel. GArfield 1-2948 
SAN FRANCISCO 4, CALIFORNIA 


ARNOLS H. MILLER 
‘onsulting Engineer 
Mine, Mul and Industria) Investigations 
Improvement Design and Recommendations 
Cable: “A Tel. Cortlandt 7-0635 
120 ew York 5, N. Y 


GLENVILLE A. COLLINS 
Mining Engineer 
Uranium examinations Cable * 


210 La Arcada Bidg. 


*Colas” 


Santa Barbara, Calif. 


COWIN & CO. 

Mining Engineers and Contractors 
Consulting Shaft & Slope Sinking 
Mine Development 
Rep Mine Plant Construction 
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930 ond Ave.. No., B'ham, Ala. Phone 3-427! 
O. DE BECK 


Consulting Geological Engineer 

CERAMIC RAW MATERIALS and 
INDUSTRIAL MINERALS 

P. 0. Box 523 108 Speedway 

Custer, South Dakota Austin 21, Texas 


THEODORE A. DODGE 
Consulting Mining Geologist 
403 North Third Ave., Tucson, Arizona 
Apartado 130, Hermosillo, Sonora, Mexico 


MILTON H. FIES 
Consulting Engineer 

Rooms 1201-2 Alabama Power Co. Bldg. 
Birmingham, Alabama 


A. FREDERICKSON 


Re nd G i 
MINE EXAMINATIONS "AND REPORTS 
Dim X ray trographic and 

nation rocks and neral 
7506 ‘Carondelet St. Louis, Missouri 


GEORGE A. HOCH 


Thin Section Technician 
Standard and Oriented Sections 
Unconsolidated Materials a Specialty 


Dept. of Geology 
Franklin & Marshall College, Lancaster, Pa. 


CARLTON D. HULIN 
Mining Geology 
San Francisco 4 
California 


26th Floor 
Shett Building 


KELLOGG KREBS 


Mineral Dressing C 
564 Market St., 


ynsultant 


San Francisco 4, Calif. 


LEDOUX & CO. 


Assayers 


INC, 

Chemists 

Shippers representatives at all seaporte and 
refineries in the United States 


155 Sixth Ave. New York 


RODGERS PEALE 
Consulting Mining Geologist 
315 Montgomery St. 
San Francisco 4, Calif. 


LUCIUS PITKIN, 
Mineralogists 

—Chemists— Spectroscopists 
ippers’ Representatives 
PITKIN 47 FULTON ST., “NEW YORK 
Cable Address: Niktip 


INC, 


MILNOR ROBERTS Consulting 
Mining Engineer 
The Pacific Northwest, British Columbia 
and Alaska 


4501 15th Ave., N.E. Seattle, Wash. 


CLOYD M. ee Mining Engineer 


ntilation Surveys 
Reports Appralsals 


Munsey Building Washington 4, D. C. 


SEWELL THOMAS 
Consulting Mining Engin 
Plant Layout, Design, Detailing, Mechantzation, 
Mining Methods 
380 GILPIN STREET DENVER 3, COLO. 


LELAND A. WALKER 
Consulting Mining Engineer 
Management, Mining Methods, Examin 
146 So. West Temple St. Sait Lake City. iL “Utah 


©. W. WALVOORD Co. 
Mill-Design and Construction 


401 High St. Denver 3, Cole. 


WALKER & WHYTE, 
Assayers, Chemists 
Shippers’ Representatives 
409 Peart St. (Corner New Chambers) 
New York U.S.A. 


INC. 


HARRY J. WOLF 
Mining and Consulting Engineer 
—Valuat 
adison New Yorn 
Cable: *MINEWOL : Plaza 9- 1700 
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Drilling 
Geophysicists 


Metallurgical 
Reports 
Valuations 


ALLEN & GARCIA COMPANY E. J. LONGYEAR COMPANY UNDERPINNING & FOUNDATION 


Q 38 Years’ Service to the Foshay Tower Minneapolis, Minn. COMPANY, INC. 
Coal and Salt Industries as Consultants, + — faa 
Constructing Engineers and Managers. Consulting Mining Engineers 155 EAST 44TH STREET 
Authoritative Reports and Appraisals and Geologists ee ee 
332 S. MICHIGAN AVE., CHICAGO Mineral Mine & 


120 WALL ST., NEW YORK CITY 


Exploration Valuation of Shafts and Tunnels 


B. B. R. DRILLING CO. DIAMOND CORE DRILLING S. POWER (Pi) WARREN, EM.MSc. 
Scenery Hill Martins Ferry, O. CONTRACTORS MINERAL AND METAL 


Diamond Core Drilling Testing Mineral Deposits 
Contractors Feundetics Bovines Only those commitments desired which 
8 include personal, on the job attention 
Mineral Foundation MOTT CORE DRILLING CO. 


1910 Kelorame Rd., N.W. North 5442 
Cores Guaranteed Testing Heatiagten, W. Ve. WASHINGTON 9, D. C. 


EAVENSON & AUCHMUTY PENNSYLVANIA DRILLING W. T. WARREN 
COMPANY V.P., MacLEAN DEVELOPMENT CORP. 
MINING ENGINEERS PITTSBURGH 20, PA. Mining Engineer—Consultant 
& GENERAL ANALYSIS 
Mine Operation Consultants ant 2 UNDERGROUND OPERATING PROBLEMS 
Coal Property Valuations We prospect coal and mineral land any- 
where in North and South America. , | b) Low-cost Stoping d) Production 
2720 Koppers Bidg. Pittsburgh 19, Pa. Core borings for foundation testing; dams, | MacLean Development Corporation 
bridges, buildings, etc | Route |. Box 440 


MILTON H. FIES PIERCE MANAGEMENT, INC. | 
MINING ENGINEERS | 


JOEL H. WATKINS 


A Background of 22 Years of Design, Consulting, Mining Geologist 
Rooms 1201-2 and Management Service to Coal and Mineral In 
Aleb P dustries in 28 States and 18 Foreign Countries. INDUSTRIAL MINERALS 
ame Power Co. dg Seranton Electric Bidg. 1025 Connecticut Ave., N.W. CHARLOTTE C. H. VIRGINIA 
Birmingham, Alabama Scranton 3, Pa. Washington 6, D.C. 


CHESTER A. FULTON ROGER V. PIERCE bay Bo 
Consulting Mining Engineer Mining Engineer Specialist Mining geophysical surveys with serial and 
10 East 40 St. New York City 16 Underground Mining Methods, Cost Cut- grour : ‘panel tic, gravimetric, seismic and 
r ting Surveys — Production Analysis — Mine | eleotrical methods; research and develop 
MUrray Hill 91530 Mechanization — Mine Management ent. Experienced crews for systematic work 
302 Somerset Rd. Baltimore 10, Md. 349 9.4006 
Belmont 1353 Salt Lake City 4, Utah New York 6, N.Y Cable: “Geophysics” 


T. W. GUY J. W. Woomer & ASSOCIATES 


808 Newhouse Bldg. Phone 33973 | 
| 
| 


Consulting Engineer HARRISON SCHMITT Consulting Mining Engineers 
Ceal Preparation Consulting Mining Geologist Modern Mining Systems and Designs 
TO YIELD MAXIMUM NET RETURN Cottage Sanatorium Road Foreign and Domestic Mining Reports 
PLANT. DESIGN AND OPERATION Silver City, New Mexico Union Trust Bidg., Pittsburgh, Pa. 
Kanawha V. Bidg. Charleston, W. Vo. Telephone 146-J ations! Genk Wheeling, W. Ve. 


PAUL F. SCHOLLA 
ABBOT A. HANKS, Ine. L. E. YOUNG 
ASSAYERS-CHEMISTS Metal & Industrial Mineral Mining 
Shi R »ntati Examination Management Mine Mechanization — Mine 
Development Surface Plants Management 
624 Sacramento Street Foreign and Domestic Oliver Building Pittsburgh, Pa. 
SAN FRANCISCO 1025 Connecticut Avenue, N.W. 


WASHINGTON 6, D. C. 


JOSEPH R. LINNEY SPRAGUE & HENWOOD, Inc. 


Consultant | This one-inch card is $40 per 
MINES @ MILLS @ METALLURGY year: half-inch, $25, AM cards 


30 Years’ Experience Adirondack 
Masesiee Core borings for testing mineral payable in advance 
38 Clinton St. Plattsburg, N. Y. deposits in any part of the world, 
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Iron and 
Steel 
vs. 
Abrasive 
Minerals 


* Write now for 32 
page reprint on 
“Wear Tests.” 

® Reprints of an informa- 

tive and authoritative paper 

(published by the American 

Institute of Mining and 

Metallurgical 

giving the statistical results 


Engineers), 


of extensive wear tests on 
a wide range of grinding 
ball 


available. 


materials, are now 


®@“ Abrasion Factors" for 
materials of different com- 
positions and treatment 
have been developed from 
the results of these tests. 
These factors can be applied 
to many other abrasive 


conditions. 


® This is information not 
yet available in book form. 


Write for your copy now ! 


Climax Molybdenum Company 


— 500 Fifth Avenue New York City — 


Please send me a FREE copy 
of 32 pp reprint on WEAR TESTS 


| Climax 


| Hardinge 
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until Hydroseals 
were developed 


Before Hydroseals, pumps handling abrasive 
ores and slurry were expected to need repairs 


and new parts frequently. Because wear 

effected by Allen-Sherman-Hoff research. 
rapidly reduced their capacities, pumps were +, 

Today, tremendous tonnages of ores are 
engineered oversize. So, initial costs as well , ; 
biel pumped without shutdowns, and at savings in 
as maintenance were high. 
\ power. All over the world, milling engineers 


This picture was changed by the Hydroseal take their hats off to rugged Hydroseals 


principle and the wear-resisting materials for their efficiency and economy. 


\o matter what you are milling or where. 


our specialists can help y Write mow. 


THE ALLEN-SHERMAN-HOFF CO. 
213 South 15th Street + Philadelphia 2, Pa. 


Representatives in Most Principal Cities 
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BETTER DIRECTED TO THE JOB! 


ELECTRIC 


U. S. Bureau of Mines Approval No. 29 


The Edison Model R-4 Electric Cap Lamp does 
more because it has more! This most essential tool 
of the miner increases tonnage with more light and 
better light... more convenience in use, complete 
dependability, and lower maintenance. 

Let us arrange a demonstration—and give you 
the facts, too, on lower handling costs! 


wt 


PIERCING, LONG-RANGE SPOT 
OR FLOODLIGHT BEAM 


POSITIVE SPOT ADJUSTMENT — 
BALANCED HEADPIECE 


SINGLE BULB WITH TWIN — 
FILAMENTS 


DEPENDABLE BULB ADJUSTING 


NOTICE THE EDISON HEADPIECE REFINEMENTS 
BARREL SWITCH CRADLE SHOCK.RESISTANT 


ll SINGLE LENS SET IN RUBBER Every feature of the Edison headpiece reflects superior 


design engineering for better service. Headpiece is easily 

a TAG adapted for strong “spot” or flood beam. Simple 2-screw 
Gira / adjustment of spot without disassembly enables pertect 
LA He / my a | focus always. The single gas-filled bulb has two filaments 
or Ru b LA ( | / af of equal rating, so that effective working light is always 

\ i available by a turn of the barrel-switch that operates both 

——_ SAFETY ARM V ~+ ff BEZEL RING filaments. Quick removal and re-assembly of the reflector, 
bulb or rubber-cushioned lens is easy as the positive 

HOUSING MATTE REFLECTOR SS bezel-locking ring requires only a 1°8 turn—no threads. 


Write for descriptive bulletin. 


AFETY EQUIPMENT HEADQUARTER 
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